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METHODS AND APPARATUS FOR 
DETECTING ON-SCREEN MEDIA SOURCES 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This patent arises from a continuation of Interna 
tional Patent Application Serial No. PCT/US2007/014317, 
filed Jun. 20, 2007, which claims priority from U.S. Provi 
sional Application Ser. No. 60/815,122, filed Jun. 20, 2006, 
both of which are hereby incorporated by reference in their 
entirety. 

FIELD OF THE DISCLOSURE 

0002 This disclosure relates generally to audience mea 
Surement systems and, more particularly, to methods and 
apparatus for detecting on-screen media Sources. 

BACKGROUND 

0003. The demographics of a television viewing audience 
are typically used by television program producers to 
improve the marketability of their television programming 
and determine a best price for advertising during Such pro 
gramming. In addition, accurate television viewing demo 
graphics allow advertisers to target commercial content to 
desired segments of the population. 
0004. In order to determine these demographics, an audi 
ence measurement company may enlist a plurality of televi 
sion viewers as panelists. The viewing habits of the enlisted 
viewers and demographic data about the enlisted viewers are 
collected and used to determine statistically the demograph 
ics of a television viewing audience. 
0005 One aspect of audience measurement involves 
determining the identity of the content being displayed on a 
television. Conventional audience measurement systems use 
channel detection techniques to identify the channel to which 
a television set is tuned (i.e., channel information). This chan 
nel information may then be combined with programming 
information (e.g., a program schedule) to identify the pro 
gram that was being displayed on the television during the 
time at which the television was tuned to the detected channel. 
0006. In addition, audience members may use a television 
to consume media from one or more alternate sources, such as 
a digital versatile/video disk (DVD) player, a video cassette 
recorder (VCR), game console, personal computer, etc. For 
example, audience members may use a television for gaming, 
gambling, shopping, and video on demand, to name a few. 
While the alternate sources of media may not originate from 
abroadcaster (e.g., sources such as a DVD player, VCR, video 
game console, etc.), measurement of the alternate sources 
may enhance measurement of demographic profiles and 
viewing habits of the enlisted viewers. 
0007. In addition to detecting a channel to which a televi 
sion is tuned, channel detection systems are used to detect 
channel change events in which a television stops displaying 
programming associated with a first channel and begins dis 
playing programming associated with a second channel. 
Because a channel change event corresponds to a change in 
the programming being displayed to the programming audi 
ence, a channel change event may be used as a trigger to start 
one or more methods to obtain identification data about the 
new programming being displayed to the audience. 
0008. Additionally, a channel change event and/or a 
Switch to one or more alternate media Sources (hereinafter 
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"media change event') often corresponds with a change in the 
audience membership and, therefore, may also be used to 
trigger a method for capturing information about the audi 
ence. For example, audience measurement systems may 
include a device, such as a people meter, having a set of input 
keys, each assigned to represent a single viewer. The people 
meter may be adapted to capture information about the audi 
ence by prompting the audience members to indicate that they 
are present in the viewing audience by, for example, pressing 
the appropriate input key disposed on the people meter. Using 
a media change event as a trigger for people meter prompting 
allows for the accurate recording of changes in the size and/or 
membership of the audience that may result from the media 
change eventor that may have caused the media change event. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a block diagram of an example audience 
measurement system coupled to an example television sys 
tem. 

0010 FIG. 2 is a block diagram of a first example on 
screen media source detector (OSMSD) for use in the 
example audience measurement system of FIG. 1. 
0011 FIG. 3 is a block diagram of a second example 
OSMSD for use in the example audience measurement sys 
tem of FIG. 1. 
0012 FIG. 4A illustrates example regions of interest of the 
example television of FIG. 1. 
0013 FIGS. 4B-4E depict a series of screens that may be 
displayed on the television of FIGS. 1 and 4A illustrating 
example television viewing, banner Surfing, video-on-de 
mand, and a television guide feature. 
0014 FIG. 5 illustrates a flow diagram of an example 
process to determine viewer activity. 
0015 FIG. 6A illustrates a flow diagram of a first example 
process to determine whether a channel change event has 
occurred. 
0016 FIG. 6B illustrates a flow diagram of a second 
example process to determine whether a channel change 
event has occurred. 
0017 FIG. 7 is an example of content that may be dis 
played in an example region of interest captured by the 
framegrabber of FIG. 1. 
(0018 FIG. 8 depicts the example content of FIG. 7 after 
conversion from a grayscale image to a black-and-white 
image. 
0019 FIG. 9 illustrates a set of example characteristics for 
the example content shown in FIG. 8. 
0020 FIG. 10 illustrates a set of example numeric com 
ponents arranged to form a set of numeric digits. 
(0021 FIGS. 11A-11C illustrate flow diagrams of an 
example process to identify a displayed channel number. 
0022 FIGS. 12A-12E depict a series of screens illustrat 
ing an example sequence of regions of interest detected by the 
example OSMSD. 
0023 FIG. 13 illustrates an example video-on-demand 
SCC. 

0024 FIG. 14A illustrates an example state diagram of a 
media device. 
0025 FIG. 14B illustrates a flow diagram of an example 
process to determine viewer activity based on Screen 
Sequences. 
0026 FIG. 15 depicts example screens illustrating video 
games having identifiable regions of interest. 
0027 FIG. 16 depicts an example mosaic screen. 
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0028 FIG. 17 depicts an example series of screens dis 
played for a start-over feature. 
0029 FIG. 18A is a block diagram of an example prior-art 
on-screen display reader (OSDR) system. 
0030 FIG. 18B is a block diagram of an example OSDR 
system that employs an OSMSD front-end filter. 
0031 FIG. 19 illustrates a set of example processing time 
lines corresponding to the example OSDR and OSMSD sys 
tems of FIGS. 18A-18E3. 

DETAILED DESCRIPTION 

0032. Although the following specification discloses 
example systems including, among other components, soft 
ware executed on hardware, it should be noted that such 
systems are merely illustrative and should not be considered 
as limiting. For example, it is contemplated that any or all of 
the disclosed hardware and software components could be 
embodied exclusively in dedicated hardware, exclusively in 
Software, exclusively in firmware or in any combination of 
hardware, firmware and/or software. 
0033. In addition, while the following disclosure is made 
with respect to example television systems, it should be 
understood that the disclosed system is readily applicable to 
many other types of media systems, including, but not limited 
to television systems, media recording devices, and/or video 
game devices. Accordingly, while the following specification 
describes specific example systems and processes, persons of 
ordinary skill in the art will readily appreciate that the dis 
closed examples are not the only way to implement such 
systems. 

Media Environment 

0034. A block diagram of an example audience measure 
ment system 100 capable of monitoring a television viewing 
audience is illustrated in an example environment of use in 
FIG. 1. Further details of the example audience measurement 
system 100 are provided in PCT application No. PCT/ 
US2004/012272 filed on Apr. 19, 2004, the specification of 
which is hereby incorporated herein by reference in its 
entirety. The example audience measurement system 100 
includes a, a signal splitter 106, a framegrabber 108 and an 
on-screen media source detector (OSMSD) 112. In the illus 
trated example, the audience measurement system 100 is 
coupled to an example media center 101 that includes a set 
top box 104 to receive a signal from a television service 
provider 102, a video game console 105, and a television 110 
coupled to the set-top box 104. The components of the tele 
vision system 101 may be connected in any manner including 
that shown in FIG. 1. 
0035. The television 110 may be any type of television or 
television display device. For example, the television 110 
may be a television and/or display device that Supports the 
National Television Standards Committee (NTSC) standard, 
the Phase Alternating Line(PAL) standard, the Systeme Elec 
tronique pour Couleur avec Mémoire (SECAM) standard, a 
standard developed by the Advanced Television Systems 
Committee (ATSC), such as high definition television 
(HDTV), a standard developed by the Digital Video Broad 
casting (DVB) Project, or may be a multimedia computer 
system, etc. 
0036. The television service provider 102 may be any 
television service provider, such as a cable television service 
provider, a Telco television service provider, a satellite tele 
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vision service provider and/or a radio frequency (RF) televi 
sion service provider. The television service provider 102 
may provide analog and/or digital television signals to the 
media center 101, for example, over a coaxial cable or any 
wireless connection. 
0037. The set-top box 104 may be any set-top box, such as 
a cable television converter, a Telco television converter, a 
digital over-the-air broadcast converter, a direct broadcast 
satellite (DBS) decoder, a digital personal video recorder 
(e.g., TiVo), a digital video disk (DVD) player, a video cas 
sette recorder (VCR), etc. The set-top box 104 receives a 
plurality of television channels from the television service 
provider 102. Typically, the set-top box 104 selects one of the 
plurality of television channels based on a user input and/or 
outputs a video signal delivered on the selected television 
channel. In the case of an analog signal, the set-top box 104 
tunes to a particular channel to obtain programming delivered 
on that channel. For a digital signal, the set-top box 104 
decodes certain packets of data to obtain the programming 
delivered on a selected television channel. 
0038. The video game console 105 may be any video game 
system, such as any version of the XboxR) by Microsoft(R), the 
GameCube(R) and/or the Wii R) by Nintendo(R), and/or any 
version of the PlayStation(R) by Sony R. Without limitation, 
Video games may also be provided to the user via the set-top 
box. 104 (e.g., via the Internet) and displayed on the television 
110. Users may access the video game content stored on the 
set-top box 104 and/or receive video game content from, for 
example, the television service provider. 
0039 Television service providers may also provide other 
forms of media that are not typically referred to as broadcast 
content, Such as gambling, Internet content, weather informa 
tion, and/or shopping. The set-top box 104 may also allow 
users to view a mosaic screen of several channels, a program 
ming guide screen, and/or video-on-demand (VOD) services, 
each of which, if detected, provides a rich source of viewing 
habit information to an advertisement measurement com 
pany. 

0040. The output from the set-top box 104 and/or the 
video game console 105 is fed to the signal splitter 106 of the 
audience measurement system 100. The signal splitter 106 
may be an analogy-splitter. In the example audience mea 
Surement system 100, the signal splitter produces two signals 
indicative of the output from the set-top box 104. Of course, 
persons of ordinary skill in the art will readily appreciate that 
any number of signals may be produced by the signal splitter 
106 and/or signals of any resolution (e.g., a high-definition 
television signal(s)). One of the two signals is fed to the 
television 110 and the other signal is delivered to the 
framegrabber 108. 
0041. The framegrabber 108 may be implemented using 
any type of commercially available framegrabber and is used 
to convert a standard television signal into digital data. For 
example, the framegrabber 108 may convert NTSC signals to 
a digital bitmap. An NTSC television image has 525 horizon 
tallines perframe. These lines are scanned or “grabbed' from 
left to right, and from top to bottom, where every other line is 
skipped (i.e., interlaced). As a result of the interlacing, two 
screen scans are required to complete a full frame. Each 
half-frame screen scan takes approximately 760" of a second, 
and a complete frame is scanned every /30" of a second. 
Alternatively or additionally, the framegrabber 108 may con 
vert PAL (Phase Alternation Line) signals and/or SECAM 
(Sequential Couleur avec Memoire) signals to a digital bit 
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map. Regardless of the television broadcast standard in which 
the signal is originally formatted, the resulting bitmap may be 
any size and may encode any number of shades and/or colors. 
For example, the framegrabber 108 may capture 320x240 
grayscale pixels, 640x480 grayscale pixels, high definition 
pixels, color images, etc. 
0042. The framegrabber 108 periodically (e.g., every 120 
ms) captures a 'screenshot corresponding to an image dis 
played on the television 110 at a specific instant in time and 
transmits the resulting digital image data to the on-screen 
media source detector (OSMSD) 112. The OSMSD 112 scans 
the series of captured images to determine ifa channel change 
event and/or a media source change (both of which are here 
inafter referred to as a “media change event') has occurred. 
The OSMSD 112 is discussed in greater detail below in 
conjunction with the description of FIGS. 2 and 3. 
0043. The example media center 101 may also include a 
remote control device 114 to transmit control information that 
may be received by any or all of the set-top box 104, the video 
game console 105, the television 110, the framegrabber 108 
and/or the OSMSD 112. Persons having ordinary skill in the 
art will recognize that the remote control device 114 may 
transmit this information using any type(s) of techniques, 
including, but not limited to, infrared (IR) transmission, radio 
frequency transmission, wired/cabled connection, and/or the 
like. 

0044) The example audience measurement system 100 
may also include a people meter 116 to capture information 
about the audience. The example people meter 116 may have 
a set of input keys, each assigned to represent a corresponding 
viewer, and may prompt the audience members to indicate 
whether they are present in the viewing audience by pressing 
the appropriate input key. The people meter 116 may also 
receive an instruction or set of instructions from the OSMSD 
112 to cause the people meter 116 to prompt the audience 
members. Audience member prompting may include, but is 
not limited to, presenting one or more graphic overlay images 
on a screen directed to one or more audience members. For 
example, the people meter 116 may generate a graphic over 
lay of text information that asks the audience member to press 
a button to identify them. Such graphic overlay images may 
be detected in one or more ROIs so that people meter 116 
activity may be determined. Moreover, the OSMSD 112 may 
receive information from the people meter 116 to modify an 
operation of the OSMSD 112, for example, to cause the 
OSMSD 112 to report information to a central processing 
facility 118. As will be appreciated by persons having ordi 
nary skill in the art, the people meter 116 may receive and/or 
transmit information using any type(s) of technique(s), 
including, but not limited to, infrared (IR) transmission, radio 
frequency transmission, wired/cabled connection, and/or the 
like. 

004.5 FIG. 2 is a block diagram of an example OSMSD 
200 that may be used to implement the OSMSD 112 of FIG. 
1. The example OSMSD 200 receives images and/or image 
data from, for example, the framegrabber 108 that correspond 
to a screenshot or portion(s) thereof associated with the tele 
vision 110. The OSMSD200 stores the received image data in 
a memory 202, if certain image conditions are met, as dis 
cussed in further detail below. The memory 202 may also be 
used to store intermediate images and/or one or more 
extracted region(s) of one or more images that result from 
processing the image data from the framegrabber 108. 
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0046. To process the received images, the example 
OSMSD 200 includes a region of interest (ROI) extractor 
204. The ROI extractor 204 reads an image stored in the 
memory 202 and extracts one or more regions of interest 
(ROIs) from the image being processed. As discussed in 
greater detail below, the extracted ROIs may correspond to 
regions displayed on the television 110 associated with the 
display of channel numbers during a channel change event. 
After extracting an ROI from the image being processed, the 
ROI extractor may store the resulting ROI image back to the 
memory 202. 

Image Management/Processing 

0047 Prior to storing the ROI image(s), the ROI extractor 
204 may pass the ROI image(s) to an image quantizer 206. By 
quantizing the ROI image(s) via the image quantizer 206, it 
may be possible to significantly reduce the amount of 
memory (i.e., to create a lower memory footprint) and/or 
processing required by the Subsequent blockS/functions in the 
OSMSD 200. For example, a two-level black-and-white (e.g., 
binary) ROI image may require as little as one-eighth the 
memory storage space as a 256-level grayscale ROI image. 
0048 Returning to FIG. 2, the image quantizer 206 takes 
as input a first image having multiple color and/or intensity 
levels. Then, based on one or more quantizer thresholds 208, 
the image quantizer 206 converts this first image to a second 
image having fewer colors (e.g., a color density threshold), 
alternate intensity levels (e.g., a pixel brightness/luminosity 
threshold), and/or higher or lower pixel density than the origi 
nal first image. For example, the image quantizer 206 may be 
implemented to convert a first image having 256 grayscale 
levels to a second, black-and-white image having two gray 
scale levels based on a single threshold 208. In this example, 
pixels in the first image having grayscale values that are 
greater than the threshold 208 may be converted to white in 
the second image. Similarly, pixels in the first image having 
grayscale values that are less than the threshold 208 may be 
converted to black in the second image. Additionally, the 
quantizer threshold 208 may be adjusted (e.g., either manu 
ally or automatically based on the results of Subsequent pro 
cessing performed on the image) to improve the clarity of the 
second image. After conversion, the image quantizer 206 may 
store the resulting quantized image (i.e., the second image) to 
the memory 202 for Subsequent processing. 
0049. To process an image from the memory 202, such as 
a quantized ROI image from the image quantizer 206, the 
example OSMSD 200 includes an object detector 210 and an 
edge detector 212. The object detector 210 may be used to 
detect one or more objects in the ROT image based on a set of 
object characteristics stored in the memory 202. For example, 
the object detector 210 may be configured to detect numeric 
digits in an ROI image based on a set of characteristics asso 
ciated with numeric digits, such as height, width, spacing 
between digits, etc. Additionally, the object detector 210 may 
be configured to detect symbols. Such as channel icons (e.g., 
the NBC“Peacock'), and/or service icons that may appear on 
the television 110 when the user enters a broadcast guide 
mode of the set-top box 104. As discussed in further detail 
below, media Sources may be determined based on images, 
numbers and/or symbols that appear on the television screen. 
Media sources may include, but are not limited to, live tele 
vision viewing, time-shifted viewing, video-on-demand 
viewing, pay-per-view, mosaics, Internet web Surfing, DVD 
and/or VCR recording and/or playback, the Time Warner(R) 
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StartOver R. Service, and/or interactive applications such as 
Internet shopping, customer service, guide mode(s), and/or 
instant messaging. The video game console 105. Such as any 
version of the Xbox by Microsoft, may splash the word 
“Xbox” in the middle region of the TV screen 110 and splash 
the word “Microsoft” in the lower center region whenever 
that game console is powered-on. The edge detector 212 may 
be used to detect one or more edges (e.g., transitions/differ 
ences between intensity levels) in an ROI image. For 
example, the edge detector 212 may be used to determine 
whetheran ROI image corresponds to a quiet area, i.e., an area 
having a constant background color/intensity. 
0050. In the example OSMSD 200, the object detector 210 
may increment a counter 214 each time a desired object or set 
of objects (e.g., a channel number, symbol, trademark, chan 
nel icon) is detected. Conversely, the edge detector 212 may, 
for example, reset the counter 214 if an edge is detected in an 
ROI image corresponding to a quiet area. The behavior and 
use of the object detector 210 and edge detector 212 will 
become more apparent from the Subsequent descriptions of 
FIGS. 4A through 11C provided below. 
0051 Continuing with the description of FIG. 2, the 
counter 214 may be used to indicate the number of times a 
desired object or set of objects is detected by the object 
detector 210 in one or more images stored in memory 202. A 
counter comparator 216 may be used to compare the value of 
the counter 214 with a comparator threshold 218 to deter 
mine, for example, whether a desired object or set of objects 
was detected in a sufficient number of images to indicate that 
a monitored event may have occurred. For example, whether 
channel numbers were detected in a sufficient number of 
captured images to indicate that a channel change may have 
occurred and/or whether the "Xbox' and “Microsoft’ images 
were detected in a sufficient number of captured images to 
indicate the user just turned on the game console 105. The 
behavior and use of the counter 214 and the counter compara 
tor 216 will become more apparent from the subsequent 
descriptions of FIGS. 4A through 11C provided below. 
0052 To compare two or more images, the example 
OSMSD 200 includes an image comparator 220. The image 
comparator 220 may be used to compare two images, for 
example an ROI image and a stored reference image/tem 
plate, to determine if the two images (or contents thereof) are 
substantially similar or different. For example, in the case of 
detecting a channel change event, the image comparator 220 
may compare an ROI image corresponding to a currently 
displayed channel number with a reference image/template 
corresponding to a previously displayed channel number. If 
the image comparator 220 determines that the two images are 
Substantially the same, then a channel change event has prob 
ably not occurred. However, if the two images are substan 
tially different, then a channel change event may have 
occurred. Activation of the image comparator 220 may occur 
based on, for example, a trigger signal from the counter 
comparator 216 indicating that a sufficient number of objects 
have been detected, and/or from the object detector 210 indi 
cating that a desired object or set of objects has been detected. 
The behavior and use of the image comparator 220 will 
become more apparent from the Subsequent descriptions of 
FIGS. 4A through 11C provided below. 
0053 Additionally, the example OSMSD 200 may 
include an object identifier 222 to identify one or more objects 
that are present in the image (e.g., ROI image) being pro 
cessed. For example, the object identifier 222 may identify 
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one or more objects in the ROI image based on a set of object 
characteristics stored in the memory 202. As described above, 
objects may include, but are not limited to symbols, channel 
icons, and/or trademarks. In another example, the object iden 
tifier 222 may use the results from the image comparator 220 
to identify one or more objects in the ROI image. In the latter 
example, the image comparator 220 may compare the ROI 
image with a reference image/template corresponding to a 
known object. If the ROI image and the reference image/ 
template are determined to be substantially the same, then the 
object identifier 222 may conclude that the ROI image con 
tains the known object. The behavior and use of the object 
identifier 222 will become more apparent from the subse 
quent descriptions of FIGS. 4A through 17 provided below. 
0054) The example OSMSD 200 may also include a 
remote control signal detector 224 to detect signals from a 
remote control device, such as the remote control device 114 
of FIG.1. The OSMSD200 may use the remote control signal 
detector 224 to determine whether the remote control device 
114 transmitted one or more signals within a window of time 
during which the image currently being processed was cap 
tured by the framegrabber 108. The output of the remote 
control signal detector 224 may be used to determine whether 
the image being processed may correspond with a media 
change event. As described above, a media change event may 
include, but is not limited to a channel change, activation of a 
VCR player, a DVD player, and/or a game console. Addition 
ally, the media change event may include use of an electronic 
program guide, VOD, home shopping, gambling, and/or 
viewing of multiple channel mosaic screens. For example, if 
the remote control signal detector 224 determines that no 
signals were transmitted by the remote control device 114 
(indicating that no user input has been applied to the media 
center 101), then the remote control signal detector 224 may 
reset the counter 214 to indicate that, for example, any cur 
rently detected numeric digits do not correspond with a chan 
nel change event. Similarly, despite an on-screen appearance 
of a trademark, such as the TiVoR logo, absence of a corre 
sponding remote control signal may suggest that the logo 
appears as a result of an advertisement rather than the user/ 
viewer invoking a TiVo R. DVR. The behavior and use of the 
remote control signal detector 224 will become more appar 
ent from the subsequent descriptions of FIGS. 4A through 17 
provided below. 
0055 Images identified by the object identifier 222 may be 
stored in the image memory 202. Furthermore, such identi 
fied images may be forwarded to the central processing facil 
ity 118, as shown in FIG. 1. The central facility 118 may 
process the images further to determine whether, for example, 
a particular image detected in a particular ROI corresponds to 
a channel change or a particular media device (e.g., set-top 
box VOD mode, PPV mode, VCR, DVD player, etc.). Addi 
tionally, or alternatively, the identified images in the memory 
202 may be processed further by the example OSMSD 200 to 
determine which media devices, and/or the media device 
mode(s), are being used by the viewer, as discussed in further 
detail below. 

0056 FIG. 3 is a block diagram of an example OSMSD 
250 that may be used to implement the OSMSD 112 of FIG. 
1, or the example OSMSD 200 of FIG. 2. The example 
OSMSD 250 may be a personal computer (PC) or any other 
processor or computing device. Specifically, the example 
OSMSD 250 includes a main processing unit 252 powered by 
a power supply 253. The main processing unit 252 may 
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include a processor 254 electrically coupled by a system 
interconnect 256 to a main memory device 258 and/or one or 
more interface circuits 260. For example, the system inter 
connect 256 may be an address/data bus. Of course, persons 
of ordinary skill in the art will readily appreciate that inter 
connects other than busses may be used to couple the proces 
sor 254 to the main memory device 258. For example, one or 
more dedicated lines and/or a crossbar may be used to connect 
the processor 254 to the main memory device 258. 
0057 The processor 254 may include any type of central 
processing unit (CPU). Such as a microprocessor from the 
Intel PentiumR) family of microprocessors, the Intel Ita 
nium(R) family of microprocessors, the Intel Centrino(R) fam 
ily of processors, and/or the Intel XScale R family of proces 
sors. The processor 254 may include any type(s) of cache 
memory, Such as static random access memory (SRAM). The 
main memory device 258 may include dynamic random 
access memory (DRAM), but may also include non-volatile 
memory. The main memory device 258 may be used to store 
a software program to be executed by the processor unit 254 
in any manner. 
0058. The interface circuit(s) 260 may be implemented 
using any type of interface standard, such as an analog cable 
interface, a digital cable interface, a satellite signal interface, 
an Ethernet interface and/or a Universal Serial Bus (USB) 
interface. One or more input devices 262 may be connected to 
the interface circuits 260 for entering data and/or commands 
into the main processing unit 252. For example, an input 
device 262 may be a keyboard, mouse, touch screen, track 
pad, track ball, isopoint and/or a voice recognition system. In 
addition, the interface circuit(s) 260 may handle digital data 
inputs supplied by the framegrabber 108 of FIG. 1, inputs 
supplied by a remote control detector 263, and inputs and/or 
outputs corresponding to a people meter interface 264. The 
remote control detector 263 detects signals transmitted by the 
remote control device 114 of FIG. 1. For example, the remote 
control detector 263 may be designed to detect signaling 
events (e.g., detect that the remote control device 114 trans 
mitted any signal) or to decode the signals transmitted by the 
remote control device 114 to determine the control informa 
tion being transmitted to a receiving device. Such as the set 
top box 104. Similarly, the people meter interface 264 may be 
designed to receive signals from and/or transmit signals to the 
people meter 116 of FIG. 1. For example, the people meter 
interface 264 may be used to transmit a signal to the people 
meter 116 if a channel change event is detected. Persons 
having ordinary skill in the art will recognize that all or a 
portion of the framegrabber 108, the remote control detector 
263 and/or the people meter interface 264 may be incorpo 
rated into the OSMSD 250. 

0059. One or more displays, printers, speakers and/or 
other output devices 265 may also be connected to the main 
processing unit 252 via one or more of the interface circuits 
260. For example, an output device may be used to view 
collected data or for diagnostic purposes. The display 265 
may be a cathode ray tube (CRT), a liquid crystal display 
(LCD) or any other type of display. The display 265 may 
provide visual indications of data generated during operation 
of the main processing unit 252. Moreover, the visual display 
may include prompts for human operator input, calculated 
values, detected data, etc. 
0060. The OSMSD 250 may also include one or more 
storage devices 266. For example, the OSMSD 250 may 
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include one or more hard drives, a compact disk (CD) drive, 
a DVD drive and/or other computer media input/output (I/O) 
devices. 

0061. The OSMSD 250 may also exchange data with other 
devices via a connection 267 to a network 268. The network 
connection 267 may be any type of network connection, Such 
as an Ethernet connection, digital subscriber line (DSL), tele 
phone line, coaxial cable, etc., and the network 268 may be 
any type of network, Such as the Internet, a telephone net 
work, a cable network, and/or any type of wireless network. 
For example, the OSMSD 250 may exchange data with a 
central processing facility 270 via the network 268. The cen 
tral processing facility 270 may receive data from the 
OSMSD 250 from which the central processing facility 270 
may determine a set of viewing statistics or identify a set of 
viewing behaviors. In addition, the OSMSD 250 may receive 
information from the central processing facility 270 to 
modify an operation of the OSMSD 250, such as the fre 
quency with which the OSMSD 250 provides data to the 
central processing facility 270. 
0062 FIG. 4A illustrates example images and type(s) of 
ROI(s) that may be displayed on an example television 300, 
such as the example television 110 of FIG. 1. The example 
television 300 includes a display device 302, such as a CRT, 
plasma, or an LCD, capable of displaying video/image con 
tent within a display area 304. When the channel received by 
the television 300 is changed (e.g., by the set-top box 104 of 
FIG. 1), the new channel number is displayed in a region 306 
located, for example, near the upper right corner of the dis 
play area 304. The region 306 includes a background area 308 
that may be, for example, a Solid color (e.g., blue), transpar 
ent, semi-transparent or opaque. A set of numeric digits 310 
that represent the new channel number may be Superimposed 
on the background 308. Hereinafter, region 306 is also 
referred to as a first region of interest (ROI) 306 and this 
region may be associated with the display of channel num 
bers. Similarly, when the viewer invokes the use of a different 
media device, such as the TiVo R. DVR, the TiVo(R) logo 311 
may be displayed in a middle left region 313 of the display 
area 304. 

0063. In some instances, programming content displayed 
in the first ROI 306 may contain characteristics substantially 
similar to a channel number (e.g., in the case of a sporting 
event or game show in which a score or other numeric infor 
mation may be displayed). To reduce the possibility of erro 
neously determining that Such displayed content is a channel 
number, secondary queues (indicators) may be employed, 
Such as examining other regions of the display area 304 to 
confirm the presence or absence of a displayed channel num 
ber. For example, simultaneous with the display of a new 
channel number in the first ROI 306, many example televi 
sions 300 and/or set-top boxes 104 may also display a banner 
guide in a banner area 312 located, for example, along the 
bottom of the display area 304. The banner guide may include 
information such as the name and/or call letters for the current 
channel, the current time, a description of the programming 
content being broadcast over the selected channel, the dura 
tion of the programming content, etc. Typically, when the 
banner guide is displayed, the banner area 312 is predomi 
nately a solid background color (e.g., blue) on which the 
displayed information is Superimposed. Thus, a known quiet 
area 314 (i.e., a region typically having a constant display 
color/intensity when the banner is displayed) may be defined 
within the banner area 312 and used to indicate whether the 



US 2008/O127253 A1 

banner guide is currently being displayed. Thus, hereinafter, 
the quiet area 314 is also referred to as a second ROI 314 and 
this region may be associated with the display of the banner 
guide. 
0064. For many example televisions 300 and/or set-top 
boxes 104, detecting a channel number in the first ROI 306 
along with a banner guide in the banner area 312 (e.g., via 
detection of a quiet area in the second ROI 314) may be 
sufficient to indicate that the detection of the channel number 
was not erroneous. However, in other exampletelevisions 300 
and/set-top boxes 104, the display of a banner guide in the 
banner area 312 may correspond to events other than a chan 
nel change. In Such scenarios, other regions of the display 
area 304 may be examined to confirm the presence of a 
displayed channel number that corresponds to a channel 
change event or other events. For example, the user may 
request that the set-top box 104 provide a banner guide con 
taining information corresponding to the current channel 
being viewed. This request may also cause the simultaneous 
display of the current channel number in the first ROI 306. 
Alternatively, the user may request, for example, that the 
set-top box 104 produce a banner guide containing informa 
tion corresponding to channels other than the channel cur 
rently being viewed. In this latter case, the user may enter a 
“banner Surfing mode in which the user may cycle though 
the informational content (e.g., banner guide information) 
corresponding to a set of available channels other than the 
current channel while the programming content of the current 
channel is still displayed in the display area 304. During 
banner Surfing, the channel number for a banner Surfed chan 
nel may be displayed in the first ROI 306 (rather than either 
the current channel or the new channel after a channel change 
event). Simultaneously, the current channel number may be 
displayed in a region 316 located, for example, near the upper 
left corner of the display area 304. Accordingly, hereinafter, 
the region 316 is also referred to as a third ROI 316 and this 
region may be associated with the display of the current 
channel number during one or more operational modes of the 
banner guide. Thus, the displayed contents in the third ROI 
316 may be examined, for example, to confirm that a detected 
channel number in the first ROI 306 corresponds to a channel 
change event or to determine that a channel number displayed 
in the first ROI 306 corresponds to a banner surfing event. 
0065 FIG. 4B includes an example screen 320 that illus 
trates banner Surfing. Different set-top boxes may employ 
different ROIs to display a currently viewed channel 322 in a 
viewed channel ROI324 and a bannerchannel326 in abanner 
channel ROI 328 with associated descriptive information 
328. FIGS. 4B-4E also illustrate four example viewing modes 
a user may invoke with a set-top box 104. As shown in FIG. 
4B, a television (“TV) viewing mode 320 provides the 
viewer with a banner 322 that includes a network icon"HBO' 
324, a set of numeric digits 326 to represent the currently 
viewed channel, and descriptive information 328 about the 
currently viewed channel 326. FIG. 4C illustrates a program 
ming guide mode 330 that includes a “TV Guide' icon 332, 
and type(s) of programming information 334. FIG. 4D illus 
trates an example screenshot of a banner Surfing mode 336, 
which includes a set of numeric digits 338 to represent the 
currently viewed channel. The banner surfing mode 336 also 
includes a banner 340, a network icon 342, a channel number 
344, and descriptive information 346, each of which relates to 
programming content other than that which is currently being 
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viewed. FIG. 4E illustrates a video-on-demand (VOD) mode 
348 that includes an example banner 349 and an example 
VOD icon 350. 
0066. Each of the TV viewing mode 320, guide mode 330, 
banner surfing mode 336, and/or VOD mode 348 includes 
unique ROIs, icons, symbols, and/or combinations thereof. 
For example, while both the TV viewing mode 320 and the 
banner surfing mode 336 include banners, (322 and 340, 
respectively) the simultaneous presence of the set of numeric 
digits 338 indicate that the user is banner surfing rather than 
merely watching TV. Each of the viewing modes may be 
identified by training the OSMSD 112 to monitor specific 
ROIs and identify the presence and/or absence of one or more 
icons, symbols, and/or digits. As a result, viewer behavior 
may be determined by video and/or remote control usage, 
including a determination of one or more media devices being 
used by the viewer (e.g., DVD player, VCR, video game 
console, TiVo(R), etc.). 
0067 Persons having ordinary skill in the art will appre 
ciate that the regions of interest (e.g., ROIs 306, 314 and/or 
316) described above may be tailored to the properties of a 
specific set-top box 104 and/or television 110 employed in the 
television system 101. For example, another example set-top 
box. 104 may cause the display of channel numbers in a first 
ROI 306 located in the upper left corner of the display area 
304 (rather than the upper right corner as described for the 
example television 300 of FIG. 4A). Alternatively or addi 
tionally, the banner area 312 may be located along the top of 
the display area 304 (rather than along the bottom as 
described for the example television 300). Also, during ban 
ner surfing, some set-top boxes 104 and/or televisions 110 
may display the banner Surfed channel numbers in the banner 
area 312 rather than in a separate location in the display area 
304 (as compared to the banner surf channel numbers being 
displayed in the first ROI306 for the exampletelevision300). 
Typically, the number and characteristics of the one or more 
regions of interest are calibrated during the initial configura 
tion of the audience measurement system 100. The corre 
sponding calibration settings may be updated, for example, 
when a new component is installed in the television system 
101, such as a new set-top box 104. The calibration settings 
may also be updated by any or all of the central processing 
facility 222, OSMSD 112 and/or framegrabber 108 to 
improve the reliability of detecting the channel change event. 
0068 A flowchart illustrating an example process 500 to 
determine viewer activity is shown in FIG. 5. The process 500 
may be performed by an OSMSD, such as the example 
OSMSD 112 or 200, and may be embodied in one or more 
Software programs, which are stored in one or more memories 
and executed by one or more processors in any manner. How 
ever, some or all of the blocks of the process 500 may be 
performed manually and/or by one or more hardware devices. 
0069 Generally speaking, the example process 500 scans 
one or more ROIs (e.g., ROIs 306,314 and 316 of FIG. 4A, or 
ROIs 322,324,326,332, and 338 of FIG.4B) associated with 
a predetermined number of consecutively captured video 
frames to determine whether the user is viewing broadcast 
media 320, viewing a guide utility 330, banner surfing 336, 
and/or consuming VOD services 348. In particular, when any 
one of the aforementioned viewing modes is invoked by a 
user, a specific combination of ROIs will contain numbers, 
symbols, and/or icons. 
(0070. The example process 500 begins at block 502 where 
the framegrabber 108 of FIG. 1 captures a screenshot corre 
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sponding to a frame of a video signal being delivered from, 
for example, the set-top box 104 to the TV 110. The captured 
screenshot may correspond to an entire frame of video or 
instead be only a portion of a frame. The OSMSD 112 extracts 
at least one ROI from the captured screenshot (block 504). 
For example, the OSMSD 112 may extract and store to 
memory an ROI associated with a banner, Such as regions 
322, 340, and 349, and/or extract an ROI associated with the 
Guide feature 332. As discussed in further detail below, num 
bers, symbols, and/or icons extracted from one or more ROIs 
may be modified to aid detection efforts and/or conserve 
memory. 

0071. If characteristics of an on-screen banner (e.g., 322, 
340, 348) are not detected by the OSMSD 112, then the 
OSMSD 112 checks for the presence of the “TV Guide” 
symbol 332 (block 508). If the Guide symbol 332 is detected, 
then the present media device being used is the set-top box 
104 and the present mode is the Guide mode 330 (block510). 
To reduce the possibility of mischaracterizing the media 
device being used and/or viewer activities, additional ROIs 
may be evaluated by the OSMSD 112. For example, if a TV 
advertisement is being aired that includes the TV Guide sym 
bol 332, and such symbol happens to reside in the same screen 
location as shown in FIG. 4C, then the Guide mode 330 may 
be mistakenly detected when, instead, the user is merely 
watching broadcast TV. Such concerns may be avoided by 
analyzing one or more additional ROIs for one or more char 
acteristics indicative of for example, the Guide feature 330. 
In particular, the OSMSD 112 may check for the program 
ming information 334 in a grid format, as shown in FIG. 4B, 
to verify that a Guide mode is active. If no banner is present 
(block 506) and no TV Guide symbol appears in its predeter 
mined ROI (block 508), then the current media source and/or 
viewing mode may not be known (block 512). Additional 
Video frame captures may continue in search of viewer mode 
and/or media devices being used (block 502). 
0072. If a banner is present on-screen (block 506), then in 
the illustrated example, any one of three example modes may 
be active. In particular, a TV viewing mode 320, a banner 
surfing mode 336, or a VOD mode 348 may be active when a 
banner (322, 340, 349) is present. The OSMSD 112 may 
determine whether a numeric set of digits 338 is present in the 
upper right hand corner of the screen (block 514), as shown in 
FIG. 4B, and, if so, determine that the viewer is banner surfing 
(block 516). While different set-top boxes may exhibit banner 
Surfing in different ways, the current channel being viewed 
typically remains on-screen while the user reviews alternate 
channel numbers 344 and corresponding program informa 
tion 346. However, if the screen does not include a numeric 
set of digits 338 in the upper right hand corner (block 514), 
then the OSMSD 112 examines the captured screen for the 
presence of a VOD symbol (block 518), such as the VOD 
symbol 350 shown in FIG. 4B. In the illustrated example, the 
presence of the VOD symbol 350, the banner 349, and an 
absence of a set of numeric digits 338 in the upper right hand 
corner of the TV screen indicate that the viewer has invoked 
VOD (block.520). On the other hand, if the VOD symbol 350 
is not present, the viewer may be watching broadcast pro 
gramming, or possibly pressed an information button to 
obtain the banner Screen 322 containing programming infor 
mation 328 (block 522). The process 500 may repeat (block 
502) to continue viewer monitoring and/or media device 
uSage. 
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(0073. The use of the framegrabber 108 and the OSMSD 
112 may detect one or more viewer activities and correspond 
ing media Sources including, but not limited to, viewer initi 
ated channel changes with the set-top box 104, banner surf 
ing, VOD, TV guide services, video game play via the set-top 
box 104 and/or a separate video game console, and/or mosaic 
viewing. 

OSMSD Detection of Channel Changes 
0074 Based on the foregoing descriptions of FIGS. 1 
through 4E, the use of the framegrabber 108 and OSMSD 112 
to detect a television channel change event by monitoring 
on-screen activity for one or more channel change indicators 
is now discussed. Specifically, the framegrabber 108, which 
receives Substantially the same electrical signals as the tele 
vision 110, periodically captures “screenshots of the images 
displayed on the television 110. A screenshot is a digital 
representation of an image displayed on the television 110 at 
a specific instant in time. These screenshots include one or 
more regions of interest, such as the ROIs 306, 314 and 316 of 
FIG. 4A, where on-screen activity (or lack thereof) may be 
used to determine if the channel of the television has been 
changed. As described previously, many televisions 110, pos 
sibly under the control of a set-top box 104, are adapted to 
temporarily display a channel number in the upper right cor 
ner (or some other predefined region) of the television display 
area 304 when the channel is changed (e.g., ROI 306). Thus, 
in this example, ROI 306 may be used as a first ROI and may 
be scanned horizontally and vertically and converted to a 
black-and-white image. The resulting image data may then be 
examined to determine whether one or more numeric digits 
indicative of a channel number are displayed in this region. To 
determine whether content displayed in ROI 306 represents a 
channel number and, therefore, may indicate that a channel 
change has occurred, one or more characteristics of the dis 
played content are detected and measured, including, for 
example, the height, width, and centering of the content. 
These characteristics are pre-programmed into the television 
110 or set-top box 104 during manufacture and are used by 
the television 110 or set-top box 104 to control the manner in 
which channel numbers are displayed on-screen. Thus, the 
display of content having the preprogrammed characteristics 
of channel numbers in the first ROI 306 may be used to 
indicate the occurrence of a possible channel change and to 
trigger, for example, a prompt on the people meter 116. 
0075 Depending on the operation of the television 110 
and/or set-top box 104, the display of channel numbers in the 
first ROI 306 may not be sufficient evidence that a channel 
change has occurred. For example, a display of numbers 
detected in the first ROI 306 may be associated with the 
programming content being displayed and have no connec 
tion to a channel change. In this case, any similarity the 
displayed numbers have to those associated with an actual 
channel number display may be coincidental. For example, a 
television ad may display a contact telephone number on 
screen that resides in the same ROI that is used to display the 
tuned channel. In another example, different televisions 110 
and/or set-top boxes 104 enable an activity referred to as 
“banner surfing that allows a viewer to continue viewing a 
first channel while causing the television to display a banner 
guide (e.g., in the banner area 312 of FIG. 4A) containing 
information about programming available on one or more 
other channels at the same or at other times. The information 
contained in the banner guide may include channel number 
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information and/or program identification information (e.g., 
a program title). The term “surfing' is often used to describe 
this behavior because many television systems 101 allow the 
viewer to rapidly cycle through information associated with 
each of a plurality of channels by repeatedly pressing a des 
ignated button on the remote control 114 or by holding the 
designated button in a depressed position for a predefined, 
minimum period of time. Moreover, some televisions 110 
and/or set-top boxes 104 that enable banner surfing will also 
display the number of the channel being banner surfed (the 
channel for which the banner guide is providing information) 
in the same on-screen location where channel numbers are 
displayed in response to a channel change (e.g., ROI 306). 
Additionally, the banner surfed channel numbers may be 
displayed using the same stored characteristics as are used to 
display channel numbers associated with an actual channel 
change. Thus, the detection of numeric digits in the first ROI 
306 may not correspond to a channel change but may instead 
represent a channel for which information is being obtained 
via banner Surfing. 
0076 A false positive channel change determination is 
defined, hereinafter, to be the detection of numeric digits in 
the first ROI 306 that do not correspond to an actual channel 
change event and that are falsely identified as being indicative 
of a channel change. To reduce the likelihood of a false 
positive channel change determination, additional regions of 
interest may be examined and/or screen blanking may be 
monitored. For example, a second ROI, Such as a background 
area or a quiet area (e.g., ROI 314 of FIG. 2), may be exam 
ined. The quiet area ROI 314 may constitute a portion of the 
television screen in which a solid color is displayed when a 
channel number is being displayed in the first ROI 306. 
Therefore, if the quiet area ROI 314 is not displaying a solid 
background when a channel change has been detected, then 
the detected channel change may be a false positive. How 
ever, as mentioned above, some televisions 110 and/or set-top 
boxes 104 cause a channel number to be displayed in the first 
ROI 306 when the viewer is banner surfing and, thus, when 
the quiet area ROI 314 is displaying a solid background. The 
channel number being displayed in the first ROI 306 during 
Such banner Surfing does not indicate the channel number of 
the channel currently being viewed nor does it indicate that a 
channel change has occurred. Instead, the displayed channel 
number represents a channel other than the channel currently 
being viewed and about which the viewer seeks information. 
0077. To ensure that this banner surfing number is not 
mistaken for a channel number indicative of an actual channel 
change event, a third ROI (e.g., ROI316 of FIG. 4A) may also 
be examined. This third region of interest may be located, for 
example, in the upper left corner of the television screen 
because many televisions 110 and/or set-top boxes 104 are 
configured to cause the actual channel number to be displayed 
in the upper left corner of the display area 304 (e.g., ROI 316) 
when a banner Surfing channel number is being displayed in 
the upper right corner of the display area 304 (e.g., ROI 306). 
Therefore, if a channel number is detected in both the first 
ROI306 and third ROI316, then the channel number detected 
in the first ROI306 is not indicative of a channel change event. 
0078. Once a channel number is detected in the first ROI 
306, it may be compared to a channel number that was dis 
played prior to the currently displayed channel number. If the 
channel number previously displayed is identical to the chan 
nel number currently being displayed, then a channel change 
has not occurred. Instead, the number of the channel currently 
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being viewed is being displayed, most likely, for informa 
tional purposes. In contrast, if the channel number previously 
displayed is different from the channel number currently 
being displayed, then a channel change may have occurred. 
0079 A flowchart illustrating an example process 600 to 
determine whether a channel change event has occurred is 
provided in FIG. 6A. The process 600 may be performed by 
an OSMSD, such as the example OSMSDs 112 or 200, and 
may be embodied in one or more software programs which 
are stored in one or more memories and executed by one or 
more processors in any manner. However, some or all of the 
blocks of the process 600 may be performed manually and/or 
by one or more hardware devices. Although the process 600 is 
described with reference to the flowchart illustrated in FIG. 
6A, persons of ordinary skill in the art will readily appreciate 
that many other methods of performing the process 600 may 
be used. For example, the order of many of the blocks may be 
altered, the operation of one or more blocks may be changed, 
the operation of one or more of the blocks may be combined, 
and/or one or more of the blocks may be eliminated. 
0080. In general, the example process 600 scans one or 
more ROIs (e.g., ROIs 306, 314 and 316 of FIG. 4A) associ 
ated with a predetermined number of consecutively captured 
video frames to determine if numeric digits indicative of a 
channel change are being displayed in each of the consecu 
tively captured frames. In the illustrated example, the prede 
termined number of frames corresponds to the number of 
consecutive frames in which a channel number is displayed 
when a channel change has occurred, but other numbers of 
frames may be employed. Specifically, when a channel 
change occurs, the television 110 and/or set-top box 104 
typically causes the newly selected channel number to be 
displayed for a predefined length of time that may be suffi 
cient, for example, to allow the viewer to see and recognize 
the channel number. The predefined length of time will dic 
tate the number of consecutive frames during which the chan 
nel number will be displayed and may vary depending on the 
settings of the television 110 and/or set-top box 104 being 
monitored. If such numeric digits are detected in a first ROI 
(e.g., ROI 306), one or more other regions of interest associ 
ated with the same video frame may also be examined to 
reduce the likelihood that the detected numeric digits will 
result in a false positive determination. 
I0081. The example process 600 begins at block 602 where 
the framegrabber 108 of FIG. 1 captures a screenshot corre 
sponding to a frame of a video signal being delivered from, 
for example, the set-top box 104 to the television 110. The 
captured screenshot may correspond to an entire frame of 
video or may instead be only a portion of a frame. Next, the 
OSMSD 112 extracts one or more ROIs from the captured 
screenshot (block 604). For example, the OSMSD 112 may 
extract three separate ROIs (e.g., ROIs 306, 314 and 316 of 
FIG. 4A) for storage in memory. During the extraction pro 
cess, the ROIs are converted to gray-scale images using any 
type(s) of method(s). The resulting gray-scale images may be 
further converted to sets of digital data that represents gray 
scale images in any type of format. Control then proceeds to 
block 606 where the OSMSD 112 scans a first ROI 306 both 
horizontally and vertically for the presence of numeric digits 
(block 606). Specifically, a horizontal scan of the first ROI 
306 is performed by reading the corresponding screenshot 
data, pixel by pixel, from left to right (or vice versa) and a 
Vertical scan is performed by reading the frame data, pixel by 
pixel, from top to bottom (or vice versa). During the scanning 
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process, the gray-scale image corresponding to ROI 306 is 
converted to a black-and-white (e.g., binary) image based on 
one or more quantization thresholds. This conversion process 
is discussed in greater detail below in conjunction with FIGS. 
7 and 8. 

0082. The black-and-white image data is examined for 
characteristics indicative of the presence of one or more 
numeric digits. Specifically, and referring also to FIG.9, each 
numeric digit may be divided into one or more components. 
By detecting one or more of these components and measur 
ing/recording one or more characteristics of these compo 
nents, the OSMSD 112 may detect the presence of one or 
more numeric digits that are formed of such components. For 
example, depending on one or more of the parameters/char 
acteristics stored in the television 110 and/or set-top box 104, 
the channel numbers and components thereof that are dis 
played in the first ROI 306 will have a predefined width/ 
height, or range of widths/heights, such that any displayed 
content having a width/height not equal to the predefined 
width/height or having a width/height outside of the pre 
defined range will not qualify as a potential component and, 
therefore, may be discarded. Similarly, Arabic numeric digits 
(i.e., 1, 2, 3, 4, etc.) do not have a horizontal gap, and, thus, 
any content having such a gap will not qualify as a potential 
numeral and therefore may be dismissed. A horizontal gap is 
defined to be a region comprising a horizontally disposed row 
of pixels that extends the full width of a numeric digit and that 
is disposed between the outermost vertical edges of the 
numeric digit (i.e., the top and bottom of the numeric digit). 
The values of the pixels in a horizontal gap are substantially 
equivalent to each other and substantially different from the 
pixel values corresponding to a displayed numeric digit. 
0083. Likewise, the manner in which content is centered 
within the first ROI 306 may be compared to a stored char 
acter centering characteristic. If the content is centered in 
accordance with the stored character centering characteristic, 
then the content may represent a numeric digit. After either of 
the horizontal scan and the vertical scan, or both, have been 
performed and the resulting map of digital data has been 
examined, the OSCCD 112 uses the results of the examina 
tion to either increment a digit detection counter (in the event 
a numeric digit has been detected) or to clear the digit detec 
tion counter (in the event a numeric digit has not been 
detected). 
0084 As will be appreciated by persons having ordinary 
skill in the art, the number of characteristics that must be 
detected before the displayed content is validated as a 
numeric digit (thereby causing the digit detection counter to 
be incremented) may vary depending on the certainty 
required by the system performing the process 600. For 
example, as the detection of characteristics consistent with 
the display of a numeric digit increases, certainty that the 
displayed content actually is a numeric digit also increases. 
Processing complexity may also increase as the examination 
of the region of interest becomes more comprehensive. For 
example, the process 600 may require that the map of digital 
data contains content that conforms to the stored height, 
width, spacing and/or character-centering characteristics. 
0085. As will be appreciated by persons having ordinary 
skill in the art, the first ROI 306, and for that matter any ROI, 
may be scanned/examined for the presence of numeric digits 
using any type(s) of method(s) that enable the detection of 
one or more of the digit components and/or any characteris 
tics of the digit components: Such method(s) may include 
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technique(s) that examine the position/locations of any of the 
edges of the components, the height of any of the compo 
nents, the width of any of the components, the number and/or 
width of any vertical gaps separating any of the components 
(to determine whether the gaps are equal to or within an 
expected, predefined distance between two numeric digits 
representing a multi-digit number), the absence of any hori 
Zontal gaps, etc. Persons of ordinary skill in the art will 
readily appreciate that other characteristics/parameters spe 
cific to the set-top box 104 and/or television 110 may be used 
to determine if a numeric digit displayed in the channel num 
ber display area (e.g., ROI306) qualifies as a channel number. 
I0086. In the example of FIG. 6A, if the OSMSD 112 
determines that the content displayed in the first ROI 306 is 
not likely a numeric digit because the characteristics of the 
detected components, ifany, are not consistent with the stored 
characteristics (block 608), then the OSMSD 112 checks if 
another quantization threshold may be used to quantize the 
ROI image to a black-and-white format. As discussed below 
in greater detail, a different quantization threshold may result 
in a black-and-white ROI image with better edge clarity. If 
another threshold is available (block 609), control then 
returns to block 606 where the OSMSD 112 re-converts the 
gray-scale ROI image to a black-and-white image and re 
scans the image for the presence of numeric digits. Control 
then proceeds as described above. However, if another thresh 
old is not available (block 609), the OSMSD 112 then clears 
the digit detection counter (block 610) and control returns to 
block 602. If, instead, the OSMSD 112 determines that the 
characteristics of the displayed components are consistent 
with the stored characteristics of the numeric digits used to 
display a channel number (block 608), then the OSMSD 112 
may increment the consecutive detection counter (block 612) 
to indicate that a channel number is being displayed in the 
currently captured frame. 
I0087. In the event that a numeric digit was detected 
thereby causing the digit detection counter to be incremented, 
the OSMSD 112 determines whether scanning of a second 
ROI, such as the background area 314 of FIG. 4A, is enabled 
(block 614). For example, the OSMSD 112 may read a loca 
tion in memory 208 to determine if scanning of the second 
ROI 314 is enabled. In the example of FIG. 6A, control 
reaches block 614 if at block 608, a numeric digit was 
detected in the first ROI 306. Block 614 may be used to 
initiate a procedure to detect false positives by examining the 
second ROI 314 for the display of information that will either 
validate or invalidate the digits detected at block 608. When a 
numeric digit representing a channel number is actually dis 
played in the first ROI 306, the second ROI 316 may be 
defined to include a portion of the banner area 312 in which a 
banner guide is programmed to appear in response to a user 
prompt entered via, for example, the remote control 114. The 
banner guide, as described above, may be configured to pro 
vide information about the programming available on the 
channel currently being displayed or available on other chan 
nels. To indicate whether the banner guide is present, for 
example, as a result of a channel change event, the second 
ROI 316 may be defined to be a region within the banner area 
312 that would be quiet (i.e., a solid background color) if the 
banner guide is active. 
I0088. Therefore, because in the illustrated example, the 
second ROI 314 will contain only a solid background when 
the first ROI 306 contains a channel number, the second ROI 
314 is scanned for edges (block 616), the presence of which 



US 2008/O127253 A1 

would indicate that the second ROI 314 is not filled solely 
with a background color and, thus, that the numeric digit 
detected in the first ROI 306 represents a false positive deter 
mination. Similar to the processing of the first ROI 306, 
during the Scanning process, the gray-scale image corre 
sponding to the second ROI 314 is converted to a black-and 
white image based on one or more quantization thresholds. If 
edges are not present in the second ROI 314 (block 618), 
thereby indicating that the background area is quiet (as would 
be expected if a channel number were being displayed), then 
the OSMSD 112 may confirm/validate the determination 
made at block 608 (i.e., that a channel number is being dis 
played). Thus, if at block 618 an edge is detected, control then 
proceeds to block 610 and blocks subsequent thereto (as 
described above) at which the digit detection counter is 
cleared to indicate that a channel number has not been 
detected in the current frame and another video frame is 
captured for examination (block 602). As will be appreciated 
by persons having ordinary skill in the art, there are many 
ways to perform edge detection any of which may be used by 
the OSMSD 112 to determine whether the second ROI 314 
contains edges. Moreover, similar to the processing of the first 
ROI 306, in the event that no edges are detected, and if 
multiple quantization thresholds are available, the OSMSD 
112 may attempt to re-convert and/or re-scan the black-and 
white image corresponding to the second ROI 314 before 
deciding that no edges are located in this region. 
0089. If, at block 618, no edges are detected, then the 
OSMSD 112 determines whether a scan of a third ROI, such 
as ROI 316 of FIG. 3, is enabled (block 620). The third ROI 
316 may be scanned, for example, to provide further valida 
tion that the numeric digits detected in the first ROI 306 
represent a channel number and correspond to a channel 
change event. Users often Surf the banner guide for informa 
tion about available programming without having to actually 
change the currently tuned channel. When the banner guide is 
being displayed, the television 110 and/or set-top box 104 
may be configured to display the number of the channel being 
surfed (for which information is being sought) in the first ROI 
306 and the number of the current channel being viewed in the 
third ROI 316. Thus, the presence of numeric digits in the 
third ROI 316 may indicate that the numeric digits detected in 
the first ROI 306 are not indicative of a channel change, but 
are instead associated with a banner Surfing event. 
0090. If, at block 618, the OSMSD 112 determines that 
edges are not present in the second ROI 314 (i.e., that the 
background area is quiet) or if scanning of the second ROI 
314 is disabled, the OSMSD 112 may determine if scanning 
of a third ROI316 is enabled (block 620). Again, the OSMSD 
112 may read a location in memory 208 to determine if such 
scanning is enabled. If enabled, the OSMSD 112 scans the 
third ROI 316 to determine whether numeric digits are being 
displayed. Similar to the processing of the first ROI 306, 
during the Scanning process, the gray-scale image corre 
sponding to the third ROI 316 is converted to a black-and 
white image based on one or more quantization thresholds. As 
discussed above, some televisions 110 and/or set-top boxes 
104 are configured to display the channel number in the third 
ROI 316 (e.g., the upper left corner of the display area 304) 
when the Surfing guide channel is being displayed in the first 
ROI306 (e.g., the upper right corner of the display area 304). 
Thus, if numeric digits having channel number display char 
acteristics are being displayed in the third ROI 316, then the 
numeric digits detected in the first ROI 306 may represent 
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banner Surf channel numbers instead of actual channel num 
bers (block 622). If the first ROI 306 contains channel num 
bers and the third ROI316 contains channel numbers, then the 
determination made with respect to the first ROI 306 may 
represent a false positive. To detect the display of numeric 
digits in the third ROI316, any of the methods/tests described 
above with respect to examining the first ROI 306 may be 
used. 

0091 Thus, if one or more digits are detected in the third 
ROI316 (block 624), the OSMSD 112 clears the consecutive 
detection counter (block 610). If no digits are detected (block 
624), or scanning of the third ROI316 is disabled (block 620), 
then the channel numbers detected in the first ROI 306 are not 
treated as a false positive (i.e., they are treated as a valid 
detection). (It should be noted that, similar to the processing 
of the first ROI 306, in the event that no digits are detected, 
and if multiple quantization thresholds are available, the 
OSMSD 112 may attempt to re-convert and/or re-scan the 
black-and-white image corresponding to the third ROI 316 
before deciding that no digits are located in this region.) In 
this case, the OSMSD 112 determines whether the channel 
numbers being displayed in the first ROI 306 have been 
displayed for at least a minimum number of consecutive 
frames by determining whether the consecutive detection 
counter exceeds a predetermined threshold (block 626). 
0092. If the consecutive detection counter does not exceed 
the predetermined threshold (block 626), then the channel 
numbers detected in the first ROI306 have not been displayed 
for a sufficient number of video frames and, thus, control 
returns to block 602 and blocks subsequent thereto to capture 
another video frame as described above. If the consecutive 
detection counter does exceed the predetermined threshold 
(block 626), then the channel numbers detected in the first 
ROI 306 have been displayed for a sufficient number of 
frames and control passes to block 628. At block 628, the 
OSMSD 112 checks whether the channel numbers currently 
being displayed in the first ROI 306 match the channel num 
bers that were captured in connection with the most recent 
channel change. The OSMSD 112 performs this operation by 
comparing the current captured ROI image that contains the 
current channel numbers with a reference image or template 
that contains the channel numbers that were most recently 
displayed. If the current captured channel number image 
matches the previously captured reference channel number 
image/template, then a channel change has not occurred. 
Instead, the viewer has caused the channel number of the 
channel currently being viewed to be displayed, most likely 
for informational purposes. Thus, the OSMSD 112 clears the 
consecutive detection counter (block 610) and control loops 
back to capture another video frame (block 602). If the chan 
nel numbers currently being displayed do not match the chan 
nel number previously displayed, then a channel change has 
occurred. In this case, the OSMSD 112 stores the current 
channel number ROI image for use as a reference image/ 
template for comparison to Subsequent channel number dis 
plays (block 630). The OSMSD 112 then reports the channel 
change event (block 632). Furthermore, as discussed above, 
the reported channel change event (block 632) may cause the 
OSMSD 112 to send information to the people meter 116 of 
FIG. 1 to cause the people meter 116 to prompt the audience 
members to indicate their presence in the viewing audience. 
0093. In addition to reporting the channel change at block 
632, the process 600 may also save and/or report the channel 
number being displayed, for example, for purposes of chan 
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nel identification. Persons having ordinary skill in the art will 
appreciate that there are many ways to save and/or report the 
channel number. For example, a digitized image of the chan 
nel number may be captured and stored in memory 208 for 
later transmission over the network 218 to the central pro 
cessing facility 222. As another example, the OSMSD 112 
may convert the digitized image of the channel number to a 
numeric value using any image identification technique(s). 
The numeric value could be stored in memory 208 for later 
transmission over the network 218 to the central processing 
facility 222. In yet another example, the OSMSD 112 may 
compare the captured channel number image to a series of 
stored templates representing images of all possible channel 
numbers until a match is detected. Digital information iden 
tifying the channel number represented by the matching tem 
plate may then be stored in memory 208 and/or transmitted 
over the network 218, and, thereby, used to report the current 
channel number to the central processing facility 222. The 
central processing facility 222 may use the reported channel 
number to determine viewing statistics about, for example, 
the audience being monitored, the channels being viewed, the 
programs being viewed, etc. Channel number identification is 
discussed in greater detail below in conjunction with the 
description of FIGS. 11A, 11B, and 11C. 
0094. Another example process 650 for determining 
whether a channel change has occurred is shown in the flow 
chart of FIG. 6B. The example process 650 is similar to the 
example process 600 but further comprises the use of infor 
mation from the remote control device 114 to reduce the 
likelihood of a false positive determination. As there is sig 
nificant overlap between the flowcharts of FIGS. 6A and 6B, 
in the interest of brevity, substantially similar blocks appear 
ing in both figures will not be re-described here. Instead, the 
interested reader is referred to the above description of FIG. 
6A for a complete description of the corresponding blocks. To 
assist the reader in this process, Substantially similar blocks 
are labeled with identical reference numerals in the figures. 
Moreover, to reduce the complexity of FIG. 6B, the retry 
procedure of block 609 in FIG. 6A is omitted in the example 
process 650. However, persons having ordinary skill in the art 
will recognize that an equivalent retry procedure could be 
inserted into process 650 at a similar location as for the 
process 600 of FIG. 6A, or at any other appropriate location. 
0095 Comparing FIG. 6B to FIG. 6A, in the event that a 
numeric digit was detected, thereby causing the digit detec 
tion counter to be incremented (block 612), then an OSMSD 
112 performing the process 650 of FIG. 6B determines 
whether the remote control detector 213 is enabled (block 
602). For example, the OSMSD 112 may read a location in 
memory 208 to determine whether the detection of signals 
from the remote control device 114 should be used to deter 
mine whether a channel change event has occurred. If the 
remote control detector 213 is enabled (block 652), then the 
OSMSD 112 determines whether the remote control detector 
213 received and/or decoded a signal from the remote control 
device 114 within a window of time preceding the detection 
of the numeric digits (block 654). If a signal was received 
and/or decoded by the remote control detector 213 (block 
654), or the remote control detector 213 is not enabled (block 
652), control passes to block 614, whose operation is 
described above. If a signal was not received by the remote 
control detector 213 (block 654), the control proceeds to 
block 610 and blocks subsequent thereto (as described above) 
wherein the digit detection counter is cleared to indicate that 
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a channel number has not been detected in the current frame 
and another video frame is captured for examination. 
0096 Persons having ordinary skill in the art will appre 
ciate that information received from the remote control 
device may be used at any point in the example processes 600 
and 650 to assist the identification of a channel change event. 
For example, the remote control detection procedures of 
block 652 and 654 of FIG. 6B may be used after a numeric 
digit is detected in the first ROI 306 (e.g., after block 612). 
Alternatively, the remote control detection procedure may be 
used after either of the second or third ROIs (314 or 316, 
respectively) have been examined (e.g., block 618 or 624) or 
as an initial step of the process 600 or 650 that precedes the 
examination of the first ROI 306. Likewise, the detection of 
remote control information may be used as a trigger to cause 
one or more of the blocks in the processes 600 or 650 to be 
executed. 

Image Quantization 
0097 While the above examples and discussion con 
cerned detection of channel numbers, the OSMSD 112 may 
also, without limitation, detect symbols and/or icons. In par 
ticular, the OSMSD 112 may detect symbols, such as the “TV 
Guide” symbol 332 shown in FIG. 4B, and/or detect network 
broadcast icons, such as the "HBO' icon 324 shown in FIG. 
4B. An example ROI 660 representative of ROIs 306 and/or 
316 of FIG. 4A is illustrated in FIG. 7. As mentioned above, 
ROI 660 may be extracted by the OSMSD 112 from a screen 
shot captured by framegrabber 108. To reduce the memory 
storage and/or processing requirements, the grayscale ROI 
660 may be quantized to a black-and-white (e.g., binary) ROI 
700 shown in FIG. 8. In the example of FIG. 7, ROI 660 
includes a channel number 664, a solid color background 
(quiet area) 670, and an area 672 between two digits. The 
same example ROI after conversion by the OSMSD 112 from 
grayscale to black-and-white is illustrated as ROI 700 in FIG. 
8. As can be seen in FIGS. 7 and 8, the lightly shaded channel 
number 664 is converted to a white channel number 704. The 
darkly shaded background 670 and areas between digits 672 
are converted to the black regions 710 and 712, respectively. 
To perform the transformation from ROI 660 to ROI 700, 
light and/or dark thresholds may be used to set an intensity 
level above which all pixels are converted to white and below 
which all pixels are converted to black. Using Such a quanti 
Zation threshold to convert grayscale (or color) images to 
black-and-white images simplifies both the edge detection 
and/or the channel number comparison procedures. For edge 
detection (either for channel number detection in ROIs 306 
and/or 316 or characterization of quiet area ROI 314), the 
corresponding procedure identifies columns and/or rows of 
pixels that change from black to white (or white to black 
depending on the polarity of the display used by the particular 
set-top box 104) as the image is scanned vertically and/or 
horizontally. Moreover, the OSMSD 112 may be given an 
optional polarity parameter to initialize the edge detection 
procedure with an expected, dominant background color 
(e.g., white or black) for a particular set-top box 104. The 
corresponding procedure for channel number comparison is 
discussed in greater detail below. 
0.098 Based on the characteristics of the background areas 
in the one or more regions of interest (e.g., ROI 306 or 316) 
and the programming content displayed in the display area 
304, a single quantization threshold may not be sufficient to 
yield robust performance. For example, if the background 
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area 308 in the first ROI 306 is transparent or semi-transpar 
ent, the difference in intensity between the displayed channel 
number 310 and the background 308 will depend on the 
intensity of the displayed program content that coincides with 
the first ROT306. For example, if the channel number 310 is 
represented using a light color (e.g., white), then coincident 
program content whose intensity is relatively light in the first 
ROI 306 may require a different quantization threshold than 
for the case of content whose intensity is dark in this region. 
Thus, the example procedure 600 of FIG. 6A supports the use 
of multiple quantization thresholds as represented by block 
609. 
0099. In the example procedure 600, the quantization 
thresholds may be selected and used as follows. First, a base 
line threshold is calibrated based on the display characteris 
tics of the set-top box 104 and/or television 110. Many set-top 
boxes 104 and televisions 110 may be interrogated to provide 
a baseline (reference) grayscale value. Next, at each point in 
procedure 600 where an image is quantized to a black-and 
white format, a first quantization attempt may be performed 
using the initial quantization threshold. If a positive result is 
achieved based on the quantized image (e.g., a number is 
detected in the case of ROIs 306 and/or 316 or an edge is 
detected in the case of ROI 314), then control passes to an 
appropriate Subsequent point in the procedure. Conversely, if 
a negative result is achieved, then another threshold is 
attempted. For example, additional thresholds may be deter 
mined relative to the initial threshold (e.g., that deviate from 
the initial threshold by +/-4%, +/-10%, etc.). Multiple 
attempts may be made to quantize the image until the set of 
quantization thresholds is exhausted, at which point control 
would follow the path corresponding to a negative result at the 
respective point in the procedure 600. Persons having ordi 
nary skill in the art will recognize that many techniques may 
be used to determine one or more quantization thresholds, of 
which the preceding is one Such example. 

Image Characteristics 
0100 FIG. 9 illustrates an example set of characteristics 
associated with ROI 700 of FIG. 8that may be detected and/or 
examined to determine whether the displayed matter consti 
tutes a channel number display. For example, the distance 
between an upper horizontal edge 802 and a lower horizontal 
edge 804 defines a character height 818 which may be com 
pared to upper and/or lower expected character height thresh 
olds when determining if on-screen channel numbers are 
present. The distance between opposed vertical edges 805, 
806, 808, 810,812, 814 define character widths 824,828,832 
which may be compared to upper and/or lower expected 
character width thresholds when determining if on-screen 
channel numbers are present. In addition, the distance 
between opposite vertical edges 805,806, 808,810,812, 814 
may be used to define the spacing 826, 830 between charac 
ters which may be compared to upper and/or lower expected 
character spacing thresholds when determining if on-screen 
channel numbers are present. Still further, the distance 
between appropriate edges may be used to define the center 
ing characteristics 816, 820, 822, 834 of a displayed digit 
which may be compared to upper and/or lower expected 
character centering thresholds when determining if on-screen 
channel numbers are present. As will be appreciated by per 
Sons having ordinary skill in the art, one or more edge detec 
tion techniques may be used to identify the location of one or 
more edges and the distance between the edges may then be 
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used to define the height, width, etc., of a numeric digit. 
Alternately, a number of pixels having the same color char 
acteristic that are disposed adjacent to one another and that 
extend in a particular direction, such as horizontally, may be 
counted to determine the width of a numeric digit. Likewise, 
the number of adjacent, commonly colored pixels extending 
in a vertical direction may be counted to determine the height 
of a numeric digit. 
0101. After the channel change detection process (e.g., 
process 600 or 650 described previously) detects a channel 
number in the appropriate ROI (e.g., ROI 306) based on, for 
example, the characteristics described above, and ascertains 
that the displayed number does not correspond to a banner 
Surfing event, the process then compares the detected channel 
number with the previous channel number (e.g., block 628 of 
FIG. 6A). While any technique may be used to perform this 
comparison, a preferred approach is based on computing the 
dot-product of the quantized image corresponding to the ROI 
containing the current channel number with a stored refer 
ence image/template corresponding to the previous channel 
number. As described above, the ROI containing the current 
channel number is captured by the framegrabber 108 and 
converted (quantized) to a black-and-white image. Similarly, 
the stored reference image/template corresponding to the pre 
vious channel number is also a black-and-white image that 
may correspond to, for example, a previously captured ROI or 
an ideal representation of the stored number based on the 
characteristics of the set-top box 104 and/or television 110. In 
either case, the dot-product is computed by multiplying cor 
responding pixels of the quantized ROI image and the stored 
reference image/template to form an intermediate set of 
inner-products at each pixel location. Then, the intermediate 
inner-products are summed to form the dot-product. Math 
ematically, the dot-product is given by the expression: 

doiproduct = X. X. imager, c) X templater, c) 

where image(rc) represents the value of the captured ROI 
image at the pixel location (r.c), template(r,c) represents the 
value of the stored reference image/template at the pixel 
location (rc) and the index (rc) references the pixel location 
at the r" row and c' column of the corresponding image. 
0102 For a black-and-white image, a white pixel may be 
represented by a value equal to 1 and a black pixel may be 
represented by a value equal to -1 (note that any antipodal or 
other equivalent representation may be used). Then, the inner 
product of two like pixel values results in a value of 1. 
whereas the inner-product of two different pixel values results 
in a value of -1, i.e., 

(0103 whitexwhite=1x1=1: 
0.104 blackxblack=-1x-1=1; 
01.05 whitexblack–1x-1=-1; 
0106 blackxwhite=-1x1=-1. 

Thus, if the captured ROI image and the stored reference 
image/template are similar, the inner-products will construc 
tively add and the resulting dot-product will be a large posi 
tive value. Conversely, if the two images are dissimilar, the 
inner-products will destructively add and the resulting dot 
product will be in the range of a small positive value to a large 
negative value. 
0107 Based on the previous definition of the dot-product 
and the representation of the respective images, a number of 
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useful criteria may be used to compare the channel number of 
the captured ROI to the previous channel number represented 
by the stored reference image/template. One such preferred 
criterion is a number-equivalence criterion, which is defined 
to be the ratio of dot-product to the total number of pixel 
elements in an image, i.e., 

doiproduct doiproduct 
CriterOil E numpixels RC 

where numpixels is the total number of pixels in an image, 
which is equal to the number of pixels in a row, R, multiplied 
by the number of pixels in a column, C. Given that the values 
of the pixels are either 1 or -1 for a black-and-white image, 
equivalent expressions for the number-equivalence criterion 
defined above include: 

(num same pixels - nun diff pixels) 
criterion = H . . . ; numpixels 

(num same pixels-num diff pixels). criterion = O 
(num same pixels + num diff pixels) 

criterion = ratio of same pixels- ratio of different pixels 

where num same pixels denotes the number of pixel location 
for which the values of the captured ROI image and the stored 
template are the same and num diff pixels denotes the number 
of pixel location for which the values are different. The quan 
tity ratio of same pixels is equal to num same pixels divided 
by the total number of pixel locations (numpixels) and the 
quantity ratio of different pixels equals num diff pixels 
divided by numpixels. One of these previous expressions may 
be preferred over the others depending on the implementa 
tion. 

0108. The channel change detection process (e.g., process 
600 or 650) may use the number-equivalence criterion 
defined above to determine whether the channel number rep 
resented by the captured ROI image is substantially similar to 
or substantially different from the previous channel number 
represented by the stored reference image/template. For 
example, the process may determine that the numbers are 
Substantially similar and, thus, no channel change has 
occurred if the criterion has a threshold criterion value of 
2.95%. If the criterion has a value.<95%, then the process 
may determine that the numbers are substantially different 
and, thus, that a channel change has occurred. 
0109 Referring to FIG. 10, to reduce the complexity of 
any algorithm used to determine whether the displayed con 
tent represents a numeric digit, the displayed content may be 
examined to determine whether it contains components rep 
resentative of numeric digits. For example, the numeral one 
may be treated as a numeric digit having a single component 
comprising a set of adjacent, commonly colored/shaded pix 
els 950 extending vertically for a predefined number of pixel 
locations wherein the predefined number of pixel locations is 
representative of the expected height of a numeral one based 
on the height characteristics stored in the associated televi 
sion or set-top box. By way of further example, a numeral 
three may be treated as having three horizontally disposed 
components 954, 956, 958 and a single, vertically disposed 
component 952. If the detected components have the proper 
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characteristics (i.e., the characteristics that match the display 
characteristics of the television 110 and/or set-top box 104 
that govern the display of numbers), then the OSMSD 112 
may indicate that an on-screen channel number display has 
been detected. For example, the OSMSD 112 may compare 
the positions of one or more of a set of detected components 
to a set of stored component configurations corresponding to 
the display of a numeric digit. If a match is identified, then the 
OSMSD 112 may indicate that an on-screen channel number 
display has been detected. The OSMSD 112 may further use 
information associated with the matching configuration to 
identify the value of the channel number being displayed. In 
another example, the OSMSD 112 may not compare the 
arrangement of the components relative to each other and/or 
relative to component configuration information stored in 
memory. Instead, the OSMSD 112 may merely examine the 
characteristics of the components and, provided that Such 
components have a set of characteristics expected of a set of 
displayed numeric digit components, then the OSMSD 112 
may identify such components as being indicative of an on 
screen numeric digit display. 
0110. The channel change detection process, such as the 
process 600 or 650, may be augmented to not only detect a 
channel change event but also identify the newly selected 
channel. An example process 1000 for identifying a displayed 
channel number is shown in FIG. 11 A. Given the additional 
processing resources and time that may be needed to identify 
a channel number, the example process 1000 may execute in 
parallel as a background process to the foreground channel 
change detection processes 600 or 650. To accomplish this 
type of execution, the example channel identification process 
1000 employs a queue to store pending channel number ROI 
images that are awaiting identification. Referring to FIG. 
11A, the example process 1000 includes two sub-processes 
1002 and 1004 that execute in parallel (although the processes 
1002 and 1004 could be configured to execute in a serial 
fashion as well). The purpose of the sub-process 1002, queue 
management, is to add channel number ROI images to the 
image queue. The purpose of the Sub-process 1004, queue 
processing, is to process ROI images stored in the image 
queue. 

0111 Sub-process 1002 is shown in FIG. 11B, in which 
control begins at block 1005 where the OSCCD 112 deter 
mines whether a new channel number ROI image is available 
(e.g., from the output of example processes 600 or 650). If a 
new image is not available, control returns to block 1005 
where the OSMSD 112 waits for a new image to become 
available. If, instead, a new image is available, then the 
OSMSD 112 examines the state of the image queue. If the 
image queue is not full (block 1006), then the OSMSD 112 
adds the new channel number ROI image to the queue (block 
1008). After the image is added to the queue, control returns 
to block 1005 where the OSMSD 112 waits for a new channel 
number ROI image to become available. However, if at block 
1006 the OSMSD 112 determines that the queue is full, an 
error condition may be invoked causing the example process 
1002 to exit. 

(O112 Sub-process 1004 is shown in FIG. 11C, in which 
control begins at block 1010 where the OSMSD 112 deter 
mines whether the image queue contains any channel number 
ROI images. If the queue is empty, control returns to block 
1010 where the OSMSD 112 waits for an image to be added 
to the queue. If, instead, the queue is not empty, control 
proceeds to block 1012 where the OSMSD 112 gets the oldest 
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image stored in the queue for the case where the queue has a 
first-in first-out (FIFO) configuration. A last-in first-out 
(LIFO) configuration may also be used depending on the 
particular application of the channel identification procedure. 
In either case, after the OSMSD 112 obtains the next image to 
identify (block 1012), control proceeds to block 1014 where 
the OSMSD 112 gets a channel number image template from 
memory. The channel number image template is one of a set 
of templates corresponding to a set of known channel num 
bers. The OSMSD 112 then compares the captured channel 
number ROI image with the template image (block 1016). If 
the two images do not match, control proceeds to block 1018 
where the OSMSD 112 determines if another stored template 
is available. If another template is available, control returns to 
block 1014 where the OSMSD 112 gets this next template 
from memory and control proceeds as described above. If 
another template is not available (block 1018), the OSMSD 
112 generates a report indicating that channel identification 
was unsuccessful. Control then returns to block 1010 and 
proceeds as described above. 
0113. If, however, at block 1016 the OSMSD 112 deter 
mines that the captured channel number ROI image matches 
the stored channel number image template (e.g., based on the 
dot-product computation and the number-equivalence crite 
rion described above), then control proceeds to block 1022. 
At block 1022, the OSMSD 112 generates a report that iden 
tifies the channel number in the captured ROI image as the 
channel number corresponding to the matched template. 
Control may then return to block 1010 and proceed as 
described above, or control may optionally proceed to the set 
of blocks included in block 1024. 
0114. The processing performed by block 1024 may be 
used to modify the channel change event detection process 
(e.g., processes 600 or 650) by replacing a reference image 
based on a previously captured channel number image (e.g., 
as used in block 628 of FIG. 6A) with a stored template 
having known characteristics. If block 1024 is enabled, then 
control proceeds from block 1022 as follows. After the chan 
nel number is identified based on the selected template (block 
1022), control proceeds to block 1026 where the OSMSD 112 
determines if the identified channel number is still being used 
as the reference channel number for the channel change event 
detection process (e.g., process 600 or 650). For example, the 
OSMSD 112 could examine the captured ROI image to deter 
mine whether it corresponds to the captured reference chan 
nel number image being used to determine the occurrence of 
a channel change event (e.g., based on a tag and/or header 
information included in the digital representation of each 
image). If the identified channel number is not being used 
(block 1028), then control returns to block 1010 and proceeds 
as described above. If, instead, the identified channel number 
is still active, then control proceeds to block 1028 where the 
OSMSD 112 determines whether a captured reference image 
or a stored template is being used as the reference channel 
number image. If a stored template is already in use (block 
1028), then control returns to block 1010 and proceeds as 
described above. However, if a captured image is being used 
as the reference (block 1028), then the OSMSD 112 may 
replace the captured reference image with the corresponding 
template determined at block 1022. Control then returns to 
block 1010 and proceeds as described above. 
0115 The channel identification process may be off 
loaded to, for example, a companion processor or even the 
central processing facility 222 for processing. In such a con 
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figuration, the OSMSD 112 would transmit the captured ROI 
images to the companion processor (e.g., via the interface 
circuits 210) and/or the central processing facility 222 (e.g., 
via the network 218). 
0116. The example methods and apparatus described 
herein may be applied to applications in addition to channel 
change event detection and channel number identification. 
For example, one or more of the ROIs, stored templates 
and/or reference characteristics may be modified to allow an 
OSMSD such as OSMSD 200 to detect changes in displayed 
letters/text and/or to also identify such letters/text. In another 
example, specific shapes/objects may be detected and/or 
identified based on the appropriate selection of ROIs, stored 
templates and reference characteristics. 
0117. An OSMSD such as OSMSD 200, 250 may also be 
used as a front-end filter or gate for any number of image 
processing and/or recognition algorithms (such as an on 
screen display reader for processing captured images corre 
sponding to received video frames). In such an application, 
the OSMSD 200,250 (and/or a process similar to the channel 
change detection processes 600 or 650) may be used to select 
only those images to process that contain desired content. 
such as specific numerals, letters, objects, etc. As mentioned 
previously, the OSMSD 200, 250 (or similar process) could 
be configured to detect the desired numerals, letters, objects, 
etc. based on the selection of appropriate ROIs, stored tem 
plates and/or reference characteristics. In this way, the 
OSMSD 200, 250 (or similar process) could significantly 
reduce the processor and memory requirements for the asso 
ciated image processing and/or recognition algorithms. 
0118 Viewing modes and media device sources may also 
be determined by ROI sequences. Different viewing features 
may exhibit a uniquely identifiable sequence of images, num 
bers, symbols, and/or icons after and/or during the users 
invocation of the feature. For example, if a user invokes a 
pay-per-view (PPV) feature, the viewer may be presented 
with on or more acknowledgement screens, one or more 
screens requesting that the viewer wait while PPV selections 
are retrieved, and a list of PPV selections, corresponding 
times of viewing, screen shots, movie trailers, program 
descriptions, and/or prices for viewing. Because each of the 
screens appears in a predetermined sequence, the OSMSD 
112 may monitor one or more ROIs for the predetermined 
sequence to identify viewer behavior. Although the following 
example includes ROI sequence detection for PPV of a set 
top box, a similar process may be applied, without limitation, 
to VCRs, DVD players, and/or game consoles. In particular, 
manufacturers of different media devices typically display 
different sequences of screens when powered-up. A game 
console, for example, may display the manufacturer name 
and/or trademark of the game console before displaying any 
particular video game specific screens (e.g., XboxR by 
Microsoft(R). Additionally, a VCR may display a unique 
sequence of screen shots for a user when programming the 
VCR to record broadcast programs. 
0119 FIGS. 12A-12E illustrate an example sequence of 
screens that are displayed after a user invokes the example 
PPV feature. FIG. 12A illustrates an initial screen displayed 
after the viewer, for example, presses a PPV button on a 
remote control or set-top box. The OSMSD 112 may monitor 
a banner ROI 1202, a message-box ROI 1204, and/or one or 
more sub-ROIs within the banner 1202 and/or message box 
1204. The OSMSD 112 may specifically monitor the banner 
1202 for a PPV symbol 1206, a trademark name for the PPV 
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feature (e.g., “iCTRL 1208), and/or a particular channel 
number 1210. Additionally, the OSMSD 112 may monitor the 
message-box 1204 for the same trademark name 1212 and/or 
the phrase “One moment, please 1214. The example PPV 
feature may next display a screen in which only the message 
box 1204 remains and the banner 1202 is absent, as shown in 
FIG. 12B. While the PPV feature continues to initialize and/ 
or acquire a list of available PPV programs, a simple text 
based “please wait' screen 1216 may appear, as shown in 
FIG. 12C. Because PPV program data may be large, delays in 
providing the user with the information may take a finite 
amount of time, especially if the user is a satellite TV sub 
scriber and weather conditions interfere with satellite signal 
reception. The received information may include an addi 
tional “please wait' screen 1218 that includes a more rich set 
of graphics, as shown in FIG. 12D. Finally, the example PPV 
screen sequence may end with a programming list, one or 
more screenshots 1222 of available PPV programs, price 
information 1224, and/or a narrative description of the PPV 
program 1226. 
0120 Additionally, or alternatively, identification of view 
ing modes may be determined by the OSMSD 112 by moni 
toring for the presence of particular symbols. Broadcasters 
and/or set-to box manufacturers typically implement viewing 
functionality in a predictable manner. As such, a state dia 
gram may illustrate appropriate ROIs that should be moni 
tored to determine any subsequent viewer activity. Rather 
than require the OSMSD 112 to scan and process all ROIs to 
determine viewer activity, a selective ROI scan requires less 
OSMSD 112 processing power and increased response time. 
FIG. 13 illustrates an example screen 1303 in which a viewer 
has selected a VOD feature. The example screen includes a 
banner 1304, and a symbol 1306, which only appears on 
screen during a finite number of viewing modes of the 
example set-top box 104. As a result, when the symbol 1306 
is detected by the OSMSD 112, then knowledge of which 
finite number of States that can occur next allows specific 
ROIs to be monitored. 

0121 FIG. 14A illustrates an example state diagram for an 
example set-top box 104. Without limitation, other manufac 
turers of set-top boxes may have a substantially different 
configuration of viewing modes. While the example state 
diagram illustrated in FIG. 14A is graphical. Such graphical 
representation is for illustrative purposes and the state dia 
gram may be in a machine readable format, without limita 
tion. A “select VOD state 1408 is representative of the VOD 
Screen 1302 of FIG. 13. Because the “select VOD state 1408 
is known within the state diagram map of FIG. 14A, any 
Subsequent state may be detected by monitoring a limited 
number of ROIs and/or possible symbols. For example, from 
the “select VOD' mode 1408, the OSMSD 112 does not need 
to concernitself with detecting symbol “B” 1410, symbol “C” 
1412, or any of the ROIs for which those symbols are 
assigned. Because the next possible states are limited to 
“Guide/Info' 1414, “View TV 1416 or “View VOD 1418, 
the OSMSD 112 need only detect the disappearance of both 
the banner 1304 and symbol “A” 1306 (indicative of the 
“Guide/Info' state 1414), detect the disappearance of symbol 
'A' 1306 while the banner 1304 remains on-screen (indica 
tive of the “View TV mode 1416), or detect the disappear 
ance of the banner 1304 while the symbol “A” 1306 remains 
on-screen (indicative of the “View VOD mode 1418). 
0122) A flowchart illustrating an example process 1450 to 
determine viewer activity based on Screen sequences is 
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shown in FIG. 14B. The example process 1450 begins at 
block 1452 where the framegrabber 108 of FIG. 1 captures a 
screenshot corresponding to a frame of a video signal being 
delivered from, for example, the set-top box 104 to the TV 
110. If the OSMSD 112 has not executed the example process 
1450 at least once before to determine the viewer’s current 
mode (block 1454), then the OSMSD 112 must extract all 
ROIs from the video frame for analysis (block 1456). On the 
other hand, if the next possible state of a media device, such 
as the example set-top box 104, is known, then the OSMSD 
112 need only extract a subset of ROIs from the video frame 
(block 1458). The OSMSD 112 may be aware of the current 
state, and all possible next states, by virtue of a known state 
diagram, Such as the State diagram shown in FIG. 14A. The 
state diagram of a media device is typically static and is a 
function offirmware programming on the media device. Such 
state diagrams may be published in user manuals, or empiri 
cally determined and/or stored in the OSMSD 112 before 
installation at a viewer's home. 

I0123. If a known symbol is not present in the captured 
video frame (block 1460), the process repeats (block 1452) in 
an attempt to determine the mode of the example set-top box 
104. On the other hand, if a known symbol is detected, the 
OSMSD 112 determines whether the presence of this symbol 
comports with any of the next possible modes in the state 
diagram. For example, if the prior mode was “View TV 1416 
and symbol “A” 1306 is detected without a banner 1304, then 
a candidate next mode exists (block 1462) and is identified 
(block 1464) as “View VOD. However, if an expected sym 
bol was detected, but fails to match the state mapping, Such as 
on the state diagram of FIG. 14A, then the example process 
1450 repeats (block 1452). Such results may occur if the 
OSMSD 112 is not fully aware of all possible states of the 
media device. Alternatively, such results may occur if a TV 
advertisement appears having the known symbol. However, if 
that known symbol fails to appear in the expected ROI, no 
change of State is deemed to have occurred. 
0.124. As discussed above, determining viewer activity 
and/or identifying one or more media devices used by the 
viewers is not limited to changing channels and/or set-top 
boxes. FIG. 15 illustrates example game screens 1500 that 
may be generated by a stand-alone game console or as part of 
a set-top box functionality. The OSMSD 112 may, after a 
video frame of the TV is captured, identify a “Select Game’ 
screen 1502 based on detection of particular game icons 
1504, 1506, 1508, and 1510. Additionally, or alternatively, 
the “Select Game” screen 1502 may be identified by virtue of 
other on-screen symbols, such as a top horizontal bar 1512 
and/or a bottom horizontal bar 1514 within a particular ROI 
1516. Each of the individual games that correspond to the 
game icons 1504, 1506, 1508, and 1510 may include addi 
tional layers of screens related to game play. While the 
OSMSD memory 216, 252 could be populated with exhaus 
tive detail about the graphic layout for each game, certain 
common characteristics of each game may be exploited to 
conserve memory needs and/or processing power. For 
example, each of game 'A' 1518, game “B” 1520, and game 
“C” 1522 include a common menu graphic 1524 in a lower 
right-hand ROI. As such, the OSMSD 112 need not extract 
ROI information from the whole viewing screen, thereby 
saving considerable processing resources and/or memory for 
other purposes. If the common menu graphic 1524 should 
ever disappear from the expected ROI, the OSMSD may 
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perform an analysis on alternate focused ROIs pursuant to a 
known state diagram, similar to the state diagram discussed in 
FIG. 13B. 

(0.125. The OSMSD 112 may also detect user activity with 
interactive content, such as mosaics, weather, horoscopes, 
lotteries, and/or help Screens. Active screens typically include 
Some user input, such as, for example, preferred channels to 
view in a single mosaic, regions of interested weather data, 
birth information for horoscope results, local regions of lot 
tery numbers, and/or help topics for results from help Screens. 
Each of the active screens typically includes identifiable sym 
bols, words, and/or icons unique to the particular feature. For 
example, FIG. 16 illustrates an example mosaic screen 1602 
containing seven news broadcast programs simultaneously 
displayed to a user. The OSMSD 112 may identify such a 
mosaic by virtue of a combination of letters that spell “News 
Mix' 1604 in a ROI near the top-center of the screen 1602. 
0126. Other features and/or operating modes of one or 
more media devices may be detected by the OSMSD 112 
without limitation. While some media devices may ship from 
a manufacturer with a predetermined plurality of features 
and/or states (e.g., embedded in firmware), other media 
devices, such as set-top boxes, may present the viewer with a 
wide variety of services and/or features as they become avail 
able. Broadcasters not only provide users with a rich set of 
multi-media content, but may also Supply a diverse set of 
Services, including home shopping, mosaics, gambling, 
games, VOD, and/or other media enhancement features. As 
new features and/or state diagrams of media devices become 
available, such as new DVD players, VCRs, set-top boxes, 
Video game consoles and the games played thereon, such state 
diagrams may be uploaded to memory 208 and/or other stor 
age devices 216 of the OSMSD 112. 
0127. One additional feature includes a start-over service 
(SOS). Viewers that miss the beginning of a broadcast pro 
gram may invoke the SOS to restart the broadcast program, 
rewind, and/or pause the program. The SOS is particularly 
useful for viewers that experience unexpected delays, which 
prevent the viewer from watching any particular broadcast at 
its normally scheduled time. FIG. 17 illustrates example 
screenshots 1700 of the SOS, which include symbols, icons, 
and/or banners in predetermined ROIs for the OSMSD 112 to 
monitor and identify. For example, a user may select the SOS 
feature from a remote control and/or a button panel on a 
set-top box during a live broadcast 1702 of a program. Select 
ing the SOS feature causes an SOS feature confirmation ban 
ner 1704 in an upper left ROI of the live broadcast 1702 
screen. Additionally, a lower banner 1706 is shown to the 
viewer to provide a program title 1708, a scheduled broadcast 
time 1710 (e.g., 8:00-8:30 pm), and a current time 1712 (e.g., 
8:15 pm). Prior to invoking the SOS, the viewer may deter 
mine how much of the broadcast program was missed, in this 
example case, half of the program has already aired. If the 
user decides to affirmatively respond to the SOS feature con 
firmation banner 1704 and re-start the program, then the user 
will be presented with an SOS splash screen 1714. The SOS 
splash screen 1714 includes an SOS symbol 1716 in a center 
ROI, which may be detected by the OSMSD 112. The splash 
screen 1714 assures the user that the SOS is initiating prior to 
displaying the beginning of the program 1718. 
0128. The SOS may be detected by the OSMSD 112 in a 
manner similar to that discussed in view of FIGS. 12A-12E, 
in which the OSMSD 112 detected VOD via a sequence of 
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ROIs. Much like the example state diagram if FIG. 13B, the 
SOS may also exhibit predictable ROI sequences detectable 
by the OSMSD 112. 
I0129. A block diagram of an example on-screen display 
reader (OSDR) system 1800 is illustrated in FIG. 18A. The 
example OSDR system 1800 includes a framegrabber 1804 
which may be substantially similar or identical to the 
framegrabber 108 of FIG. 1. A video signal having, for 
example, a video frame rate of 30 frames/sec is provided as an 
input to the framegrabber 1804. The framegrabber 1804 cap 
tures screenshots of the input video signal at a predetermined 
rate. Such as, for example, one screenshot every 120 ms or, 
equivalently, a rate of 8.3 screenshots/sec. The captured 
screenshots are provided to an OSDR1808 for processing. In 
the instant example, the OSDR 1808 analyzes each screen 
shot at the aforementioned predetermined screenshot rate to 
determine, for example, whether a given screenshot contains 
content of interest and, if so, processes the screenshot con 
taining Such content. Thus, the processing performed by the 
OSDR 1808 on a first screenshot must be completed before 
the arrival of a second screenshot. As such, the OSDR 1808 
may require significant processor resources to meet this real 
time processing constraint. 
0.130 FIG. 18B illustrates a block diagram of an example 
OSDR system 1850 that employs an OSMSD 1854 as a 
front-end filter. The OSMSD 1854 may be substantially simi 
lar or identical to the OSMSD 112 of FIG. 1. The example 
system 1850 includes the framegrabber 1804 and the OSDR 
1808 discussed in connection with the example OSDR sys 
tem 1800 of FIG. 18A. However, in the instant example, the 
OSMSD 1854 processes the screenshots received from the 
framegrabber 1804 at the predetermined screenshot rate (e.g., 
one screenshot every 120 ms) before providing such screen 
shots to the OSDR 1808. Thus, the OSMSD 1854 may be 
configured to analyze each input screenshot for content of 
interest and to provide only screenshots containing Such con 
tent to the OSDR 1808. In this way, the average rate at which 
screenshots are provided to the OSDR 1808 of the example 
system 1850 may be significantly reduced from the starting 
predetermined screenshot rate (e.g., significantly less than the 
starting rate of one screenshot every 120 ms). By reducing the 
average input screenshot rate, it may be possible to signifi 
cantly reduce the processor requirements for the OSDR1808 
as indicated in FIG. 19 below. Additionally, the OSMSD 1854 
may be configured to provide original and/or quantized (e.g., 
black-and-white) versions of the selected screenshots to the 
OSDR1808 based on the requirements of a given application. 
I0131 FIG. 19 illustrates example processing timelines for 
the example system 1800 of FIG. 18A and the example sys 
tem 1850 of FIG. 18B. For each of the processing timelines 
1904, 1908, 1912 in FIG. 19, the horizontal axis represents 
time and the vertical access represents the processor speed 
(e.g., measured in millions of instructions per second or 
MIPS) required to perform the respective processing in the 
indicated amount of time. Thus, the area under each process 
ing timeline 1904, 1908, 1912 represents the number of 
instructions required to perform the respective processing 
(e.g., MIPS seconds—millions of instructions). 
(0132 A sequence of four (4) screenshots 1916, 1920, 
1924, 1928 captured by the framegrabber 1804 of FIG. 18A 
or 18B is shown in FIG. 19. For the example system 1800 of 
FIG. 18A, the processing timeline corresponding to the 
OSDR 1808 is represented by the timeline 1904. The OSDR 
1808 in FIG. 18A is configured to process each input screen 
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shot and, as expected, the timeline 1904 shows three process 
ing regions 1932, 1936 and 1940 corresponding to the screen 
shots 1916, 1920, and 1924, respectively. Due to the real-time 
processing constraints for the OSDR 1808 of FIG. 18A (e.g., 
the processing of a screenshot (e.g., Screenshot 1916) must be 
completed before the arrival of the next screenshot (e.g., 
screenshot 1920)), the OSDR 1808 may require significant 
processor resources (e.g., as indicated by the height of the 
processing regions 1932, 1936, 1940). 
0133. The processing timeline for an OSMSD, such as the 
OSMSD 1854 of FIG. 18B, to process each screenshot 1916, 
1920, 1924 is represented by the timeline 1908. As discussed 
previously, the OSMSD 1854 may be configured to search for 
only specific objects (e.g., channel numbers, ROIs, symbols, 
icons) in black-and-white (binary) versions of the screenshots 
1916, 1920, 1924. Thus, the processing requirements for the 
OSMSD 1854 may be significantly less than those for the 
OSDR 1808 (e.g., as indicated by the reduced heights and 
widths of the OSMSD processing regions 1944, 1948, 1952 
as compared to the OSDR processing regions 1932, 1936, 
1940, respectively). 
0134) To illustrate the potential benefit of using the 
OSMSD 1854 (e.g., having lower processor requirements as 
indicated by the timeline 1908) with the ODSR 1808 (e.g., 
having higher processor requirements as indicated by the 
timeline 1904), the processor timeline corresponding to the 
example system 1850 of FIG. 18B is represented by the 
timeline 1912. In the example system 1850, the OSMSD 1854 
is configured to process each input screenshot 1916, 1920, 
1924, etc., as indicated by the processing regions 1956, 1960 
and 1964, respectively. In the example scenario of FIG. 19. 
the screenshot 1916 contains content of interest, whereas the 
screenshots 1920 and 1924 do not. Thus, the OSMSD 1954 
may be used to select the screenshot 1916 for processing by 
the OSDR 1808 and to discard the Screenshots 1920 and 
1924. Thus, the time required by the OSDR 1808 to process 
the screenshot 1916 may now be spread across the time asso 
ciated with screenshots 1920 and 1924 as well. In other 
words, the real-time constraints faced by the OSDR1808 may 
still be met if the original processing region 1932 required by 
the OSDR 1808 in the system 1800 is spread over the pro 
cessing regions 1968, 1972 and 1976 in the case of the OSDR 
1808 in system 1850. As such, the OSDR 1808 as used in the 
system 1850 having the OSMSD 1854 front-end filter may 
have significantly lower processing requirements (e.g., as 
indicated by the reduced heights of the processing regions 
1968, 1972, 1976) than the OSDR 1808 as used in the 
example system 1800. 
0135 Although certain methods, apparatus and articles of 
manufacture have been described herein, the scope of cover 
age of this patent is not limited thereto. On the contrary, this 
patent covers all apparatus, methods and articles of manufac 
ture fairly falling within the scope of the appended claims 
either literally or under the doctrine of equivalents. 
What is claimed is: 
1. A method to identify a media Source comprising: 
receiving a video signal; 
capturing a portion of the video signal at a region of inter 

est, 
comparing the captured portion to a template to identify the 

media Source; and 
capturing a second portion of the video signal at a second 

region of interest to identify an occurrence of a false 
positive. 
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2. A method as defined in claim 1, wherein the template 
comprises an expected video image at the region of interest. 

3. A method as defined in claim 2, further comprising 
associating the media Source with the video signal when the 
expected video image is detected in the region of interest. 

4. (canceled) 
5. (canceled) 
6. A method as defined in claim 1, wherein capturing the 

portion of the video signal comprises quantizing the portion 
of the video signal to generate a quantized video signal. 

7. A method as defined in claim 6, wherein quantizing the 
portion of the video signal comprises at least one of convert 
ing a color video signal to a grayscale video signal, converting 
a color video signal to a black-and-white video signal, or 
converting a grayscale video signal to a black-and-white 
Video signal. 

8. (canceled) 
9. A method as defined in claim 6, further comprising 

applying a quantization threshold to generate the quantized 
Video signal, the threshold specifying at least one of a color 
density, a pixel intensity, or a pixel density. 

10. A method as defined in claim 1, wherein capturing the 
portion of the video signal comprises detecting an edge of the 
portion of the video signal. 

11. A method as defined in claim 10, wherein the edge of 
the portion of the video signal comprises a quiet area Sur 
rounding the portion of the video signal. 

12. A method as defined in claim 1, wherein the second 
region of interest is a quiet area and further comprising ignor 
ing the portion of the video signal if the quiet area is absent. 

13. A method to identify a media device change compris 
1ng: 

monitoring a region of interest of a video signal for a first 
image; 

comparing the first image to a stored image; and 
confirming the media device change when the stored image 

differs from the first image and is associated with a 
secondary criterion. 

14. A method as defined in claim 13, wherein the secondary 
criterion comprises at least one of a second image located in 
a second region of interest, a quiet area, a presence of a third 
region of interest, an absence of a fourth region of interest, or 
a remote control signal. 

15. A method as defined in claim 13, wherein the stored 
image comprises a first pixel Sum value and the first image 
comprises a second pixel Sum value. 

16. A method as defined in claim 15, further comprising 
calculating a dot product of the first and second pixel Sums. 

17. A method as defined in claim 16, wherein the dot 
product yields a positive output when the stored image and 
the first image are similar. 

18. A method as defined in claim 16, wherein the dot 
product yields a negative output when the stored image and 
the first image are different. 

19. A method as defined in claim 16, wherein the dot 
product constructively adds when the stored image is similar 
to the first image, and the dot product destructively adds when 
the stored image is different from the first image. 

20. A method as defined in claim 13, further comprising 
calculating a criterion to determine if the first image differs 
from the stored image. 

21. A method as defined in claim 20, wherein the criterion 
comprises a ratio of a dot product of the first image and the 
stored image, and the number of pixels in the first image. 
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22. A method as defined in claim 20, wherein the criterion 
comprises a difference between a number of similar pixels 
and a number of different pixels divided by a total number of 
pixels in the first image. 

23. (canceled) 
24. (canceled) 
25. A method to identify a media device mode comprising: 
monitoring at least one region of interest in a video signal 

at a first time; 
comparing the monitored at least one region of interest to at 

least one state diagram comprising a plurality of device 
modes to determine a media device mode candidate; 

monitoring the at least one region of interest at a second 
time; and 

comparing the monitored at least one region of interest to 
the state diagram to confirm the media device mode 
candidate as the media device mode. 

26. A method as defined in claim 25, wherein the state 
diagram comprises the plurality of device modes for at least 
one of a set-top box, a television, a video cassette recorder, a 
digital video disk player, a people meter, or a game console. 

27. (canceled) 
28. (canceled) 
29. An apparatus to monitor a video signal comprising: 
a region of interest extractor to extract an image signal from 

at least one region of the video signal; 
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an image quantizer to quantize the extracted image signal; 
and 

an object comparator to compare the quantized image sig 
nal with a reference image to identify a media device 
Status. 

30. (canceled) 
31. (canceled) 
32. An apparatus as defined in claim 29, further comprising 

a quantizer threshold module to provide a quantization 
threshold to the image quantizer to at least one of decrease a 
pixel density, alter a pixelluminosity, or remove a pixel color. 

33-49. (canceled) 
50. An apparatus to process a video signal comprising: 
a framegrabber to capture the video signal at a first rate; 
a media Source detector to quantize the video signal to 

improve image detection of a first and second region of 
interest; and 

an on Screen display reader to compare the detected image 
in the first and second region of interest to a template to 
identify a media source. 

51. An apparatus as defined in claim 50, wherein the media 
Source detector further comprises a quantizer threshold to 
adjust at least one of a pixel density, a pixel color, or a pixel 
luminosity. 


